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SUMMARY

Introduction: Among the many plants used in folk medicine, Anacardium occi-
dentale L. stands out as a plant belonging to the Anacardiaceae family, commonly
known as cashew tree. Several pharmacological properties are known, such as anti-
tussive, antisyphilitic, diuretic, wound-healing, and antimicrobial actions. The stem
bark is attributed with various pharmacological actions, with notable emphasis on
its wound-healing activity. Objective: The present study aimed to develop a gel
containing Anacardium occidentale L. glycolic extract with wound-healing activity,
evaluating its physicochemical and microbiological characterization. Materials and
methods: Two gels, Gel 1 and Gel 2, were prepared, composed of Carbopol® 940,
propylene glycol, glycerin, EDTA, nipagin, with the glycolic extract of Anacardium
occidentale L. incorporated into the gel base. The gels were evaluated on days 1,20, 25,
and 35. The physicochemical quality control was conducted by determining the pH
and verifying physical and visual aspects, such as changes in color or precipitation,
and spreadability test. Results: The formulations presented pH values between 6.0
and 8.0, respectively, normal and homogeneous appearance, and characteristic odor,
with attention drawn to the color change in Gel 2 after 20 days of study. Gel 2 exhib-
ited superior and more homogeneous spreadability. Regarding the viable microbial
count assay, conducted for microbiological quality control, it was confirmed that
the formulations were within acceptable microbial limits. Conclusion: Based on
the results of this study, the formulations demonstrated acceptable physicochemical

and microbiological characteristics, ruling out the need for reformulation.

Keywords: Wound healing, Cashew tree, Anacardium occidentale L. Gel.
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RESUMEN

Desarrollo farmacotécnico y caracterizacion de un gel a base de
Anacardium occidentale L.

Introduccién: Entre las muchas plantas utilizadas en la medicina popular, Anacar-
dium occidentale L. destaca como una planta perteneciente a la familia Anacardia-
ceae, comunmente conocida como arbol de anacardo. Se conocen varias propiedades
farmacoldgicas, como acciones antitusivas, antisifiliticas, diuréticas, cicatrizantes y
antimicrobianas. A la corteza del tallo se le atribuyen diversas acciones farmacolé-
gicas, con énfasis notable en su actividad cicatrizante. Objetivo: El presente estudio
tuvo como objetivo desarrollar un gel que contenga extracto glicélico de Anacar-
dium occidentale L. con actividad cicatrizante, evaluando su caracterizacién fisico-
quimica y microbioldgica. Materiales y métodos: Se prepararon dos geles, Gel 1y
Gel2, compuestos por Carbopol 940, propilenglicol, glicerina, EDTA, nipagin, con
el extracto glicdlico de Anacardium occidentale L. incorporado en la base del gel. Los
geles se evaluaron en los dias 1, 20, 25 y 35. El control de calidad fisicoquimico se
llevd a cabo mediante la determinacién del pH vy la verificacién de aspectos fisicos
y visuales, como cambios de color o precipitacion, y la prueba de esparcimiento.
Resultados: Las formulaciones presentaron valores de pH entre 6,0 y 8,0, respecti-
vamente, apariencia normal y homogénea, y olor caracteristico, prestando atencién
al cambio de color en el Gel2 después de 20 dias de estudio. El Gel 2 mostr6 una
esparcibilidad superior y mas homogénea. En cuanto al ensayo de recuento micro-
biano viable, realizado para el control de calidad microbioldgica, se confirmé que las
formulaciones se encontraban dentro de los limites microbianos aceptables. Conclu-
siones: Basiandonos en los resultados de este estudio, las formulaciones demostraron
caracteristicas fisicoquimicas y microbioldgicas aceptables, descartando la necesidad

de reformulacién.

Palabras clave: Cicatrizacién de heridas, 4rbol de anacardo, gel de Anacardium

occidentale L.
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REsuMmoO

Desenvolvimento farmacotécnico e caracterizagao de gel a base de
Anacardium occidentale L.

Resumo: Dentre as muitas plantas utilizadas na medicina popular, destaca-se
Anacardium occidentale L., pertencente A familia Anacardiaceae, comumente conhe-
cida como cajueiro. Sao conhecidas diversas propriedades farmacoldgicas, tais como
acdo antitussigena, anti-sifilitica, diurética, cicatrizante e antimicrobiana. A casca do
caule ¢ atribuida a diversas agdes farmacoldgicas, com destaque para sua atividade
cicatrizante. Objetivos: O presente estudo teve como objetivo desenvolver um gel
contendo extrato glic6lico de Anacardium occidentale L. com atividade cicatrizante,
avaliando sua caracterizagio fisico-quimica e microbiolégica. Materiais e métodos:
Dois géis, Gel 1 e Gel 2 foram preparados, compostos por Carbopol 940, propileno-
glicol, glicerina, EDTA, nipagin, com o extrato glicdlico de Anacardium occidentale
L. incorporado 4 base do gel. Os géis foram avaliados nos dias 1, 20, 25 e 35. O
controle de qualidade fisico-quimico foi realizado através da determinagio do pH e
verificagio de aspectos fisicos e visuais, como altera¢des de cor ou precipitagio, além
do teste de espalhabilidade. Resultados: As formulagdes apresentaram valores de pH
entre 6,0 ¢ 8,0, respectivamente, aparéncia normal e homogénea, e odor caracteris-
tico, com atencio voltada para a alteracio de cor do Gel 2 apds 20 dias de estudo. O
Gel 2 apresentou espalhabilidade superior ¢ mais homogénea. Em relagio ao ensaio
de contagem microbiana vidvel, realizado para controle de qualidade microbioldgica,
confirmou-se que as formula¢des estavam dentro dos limites microbianos aceitéveis.
Conclusao: Com base nos resultados deste estudo, as formulagoes demonstraram
caracteristicas fisico-quimicas e microbioldgicas aceitdveis, nio havendo necessidade

de reformulacio.

Palavras chave: Cicatrizagio de feridas, Cajuciro, Gel de Anacardium occidentale L.

INTRODUCTION

Anacardium occidentale L., a perennial plant belonging to the Anacardiaceae family,
is commonly known as cashew tree [1]. Native to the northeastern region of Brazil,
this plant thrives in regions ranging from sea level to an altitude of 1,000 m. It has
expanded into South American countries, was introduced to India and Africa by the
Portuguese, and has spread throughout Southeast Asia [1, 2].
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Several pharmacological studies have demonstrated the potential of the genus, par-
ticularly in terms of its anti-inflammatory activity [3], wound healing properties [4],
antifungal effects [5], and broad-spectrum antimicrobial activity [6].These pharmaco-
logical effects have been associated with the presence of metabolites such as flavonoids,
terpenes, steroids, xanthones, and primarily phenolic lipids and derivatives, as well as
saponins and essential oils. Additionally, carbohydrates, tannins, catechins, glycosides,
resins, alkaloids, and sterols have also been identified in association with these phar-
macological effects [7].

In addition to driving the food industry by providing raw materials for the juice and
cashew nut-derived products [1], The Anacardium occidentale L, with the application
of new technologies, stands out as an important source for the extraction of phytother-
apeutics and other compounds, thus offering greater opportunities, scientific progress,
and technological development to the region and the country. Isolated compounds
from the cashew tree have been associated with wound healing activity [4], gastro-
protective effects, anti-inflammatory activity, antimicrobial properties, and analgesic
effects [8, 9]. Therefore, the literature highlights several procedures involving the use
of A. occidentale for improving the wound healing process and maintaining cutaneous-
membrane integrity.

Wound healing is a complex process. Wound dressings are therapeutic tools that aid
in the healing of skin injuries and wounds. Among the numerous studied practices
involving dressings, the use of gel has proven to be highly effective due to its hydroac-
tive properties, low cost, and simple and safe manufacturing process [10, 11]. In order
to enhance the overall functions of dressings, the incorporation of bioactives, drugs,
nanoparticles, and/or other wound healing enhancers has been investigated. These can
be incorporated into polymeric matrix wound dressings primarily to improve the qual-
ity and accelerate the healing of lesions [11].

Among the pharmacologically active parts of the cashew tree, the bark deserves atten-
tion as it is used as an astringent, tonic in various asthenias, appetite stimulant, abor-
tifacient, contraceptive, vaginal antiseptic, and effective in the treatment of aphthae,
asthma, bronchitis, intestinal colic, muscle weakness, diabetes, diarrhea, dysentery,
skin diseases, sterility, fever, hypertension, throat inflammation, leishmaniasis, malaria,
burns, syphilis, cough, peptic ulcer, impotence, genital problems, wound healing activ-
ity, gastroprotective activity, among others [12, 13].

The use of natural extract from A. occidentale is considered a great promise in the bio-
medical field. It is abundantly found in nature and easily available in the market. It
is popularly known for its wound healing, antibacterial, anti-inflammatory, and anti-
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oxidant properties. Therefore, considering the reports on the various pharmacologi-
cal actions of cashew bark and the characteristics of the wound healing process, the
present thesis aims to develop a gel formulation containing 4. occidentale extract for
wound healing, thus contributing to new alternatives in wound treatment and biotech-
nological development.

The primary goal of this study was to develop a gel formulation containing cashew tree
glycolic extract, aiming at the wound healing action described in the literature, in order
to provide benefits and treatment alternatives for society.

METHODS

Cashew tree bark collection

The sample of the barks were obtained by collecting a sawn branch of the 4. occidentale
plant at Gameldes site (Figure 1), located in Cuité-PB municipality, on February 20th.

Figure 1: Species of A. occidentale, Cuité-PB.

The branch was cleaned with soap and water to remove residues and contaminants,
and the barks were then removed using a machete. The barks were subjected to a dry-
ing process in a circulating air oven at 28 °C for two days, and subsequently, they were
ground into powder using a knife mill resulting in 138 g of powder.

Preparation of A. occidentale glycolic extract

The obtained powder from A. occidentale bark was added to a wide-mouthed flask.
Separately, in a graduated cylinder, the 50% water/ethanol solution containing propyl-
ene glycol (VETEC) was prepared according to Table 1. The solution was added to the

flask containing the A. occidentale powder, and maceration was carried out for eight

8
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days with alternating agitation. At the end of maceration, filtration was performed
using a Buchner funnel, a Kitasato flask, and filter paper with the aid of a vacuum
pump (Prismatec 131). The amount of solution (50% hydroalcoholic solution + pro-
pylene glycol) specified in the Brazilian Pharmacopocia Formulary, 2011, was passed
over the filtered extract. After filtration, the plant material was subjected to maceration
again for eight days, followed by filtration. The extracts from both macerations were
mixed at the end of the process.

Table 1. Composition of glycolic extract of A. occidentale.

Components Amount
Powder from the bark of A. occidentale 138 ¢
propylene glycol 13.79 mL
Water/Ethanol (1:1) 258 mL

Preparation of A. occidentale gel

Table 2 presents the components used for the formulation preparation and their
respective functions. Two gel formulations with Carbopol 940 (Carbomer 940)
as the base were prepared, containing glycerin, propylene glycol, EDTA (ethylene
diamine tetraacetic acid), nipagin (methylparaben), and triethanolamine in their
formula. Table 2 describes the composition of the gels containing different amount
of A. occidentale glycolic extract.

Table 2. Composition of healing gel from Anacardium occidentale L.

Components Gel 1 Gel2
Carbopol 15¢ 15g
Glycerin 75g 75¢
EDTA 0.15g 015g
Propylene glycol 4.05¢g 4.05g
Nipagin 03g 03g
Trietanolamine q.s.p q.s.p
Anacardium occidental L extract 4¢g 8g
Water 133 g 129 g

After weighing all the components of the base gel formulation, manipulation was car-
ried out as follows: Phase A consisted of propylene glycol and nipagin, with nipagin
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dissolved in propylene glycol. Phase B consisted of EDTA and glycerin, with EDTA dis-
solved in water and dispersed in glycerin. Subsequently, Phase A was incorporated into
Phase B.

The Carbopol was pulverized, dissolved in the resulting mixture of Phase A+B, and set
aside for 24 hours to allow polymer hydration. After that, triethanolamine was added
with agitation. In the next step, the incorporation of A. occidentale L. extract into the

gel base was performed, and the pH was checked and adjusted.

Physical-chemical quality control

The gel samples were evaluated on days 1, 20, 25, and 35, and certain parameters such
as pH, color change, and precipitation were observed. pH determination was per-
formed using indicator strips (MQuant®), while parameters such as color change and
precipitation were assessed through visual analysis.

Determination of spreadability

To determine the spreadability, a technique proposed by Knorst was used [14], which
involves using glass plates on a millimeter paper scale to determine the surface area
covered by the sample by measuring the perpendicular diameters and subsequently cal-
culating the mean diameter. One gram of the sample was placed in the central space
of the plate, and then a glass plate of known weight was placed on top of the sample.
After three minutes, the diameters covered by the sample in a horizontal position were
measured using the millimeter paper, and the mean diameter was calculated. This pro-
cedure was repeated by incrementally adding weights of 250 g, 500 g, and 750 g at
three-minute intervals from one weight to another. This spreadability assay were con-
ducted at room temperature, which was maintained between 21 - 25 °C

The spreadability of the samples was determined based on the added weight, according
to: Ei = (d* x w)/4, where: Ei is the spreadability of the sample for a specific weight in
square millimeters (mm?*) and 4 is the mean diameter in millimeters (mm) [15]. The
procedure was performed in triplicate for gel 1 and gel 2, and the mean and standard
deviation were calculated.

Microbiological control

Microbiological control was performed through the viable microbial count assay. In
the assay, 1 mL of each sample diluted in universal neutralizer was used. The analyses
for each dilution were carried out in duplicate. The samples were seeded in depth (Pour
Plate) for the enumeration of bacteriaand fungi, respectively. The viable microbial count
assay involves counting the population of microorganisms that show visible growth

10
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within 5 days on Casein-Soy Agar at 32.5 (+2.5) °C and within 7 days on Sabouraud
Dextrose Agar at 22.5 (+2.5) °C for bacteria and fungi counting, respectively [16].

RESULTS AND DISCUSSION

Physicochemical quality control

Organoleptic characteristics

The organoleptic characteristics were analyzed in terms of appearance, color, and
odor. In the evaluation of appearance, visual observation was made to determine if any
changes occurred in the analyzed formulations, such as phase separation and formula-
tion precipitation. Color analysis was performed visually, while odor evaluation was
conducted directly through olfaction [17].

As a result, the gel formulations containing the A. occidentale glycolic extract showed
positive results, exhibiting a homogeneous appearance and pleasant odor. Gel 2 only
exhibited a slight color alteration, acquiring a darker shade after 20 days of the study.
However, this change indicates that it is not due to instability but rather the interac-
tion between the glycolic extract and the formulation during the study. The appear-
ances of the gels remained unchanged throughout the testing period, with no observed
phase separation or component separation, clumping, or precipitation (Figure 2).
Similarly, no odor modification was observed at the end of the study, as the samples
retained their characteristic odor. These data indicate that the formulation demon-
strated a good ability to interact with the A. occidentale glycolic extract, which was
confirmed by monitoring the physicochemical characteristics of the samples under the
three evaluated conditions.

The formulations did not exhibit phenomena such as precipitation, syneresis, or phase
separation, and their appearance was considered normal without any changes. In the
formulation of gel 2, a change in color was observed, shifting from a reddish hue to a
brownish color, as shown in Figure 3.

Sing et al. (2007) developed three herbal gels using three different polymeric bases: Car-
bopol, carboxymethyl cellulose (CMC), and hydroxypropyl methylcellulose (HPMC),
and monitored their stability. The stability study conducted on the three different formu-
lations yielded different and relevant results at the end of the study. The authors observed
a significant decrease in the pH of the CMC gel, along with a change in physical appear-
ance, resulting in a loss of semi-solid consistency. Physical changes were also observed in
the HPMC gel. Variations in color, appearing darker, were observed in the Carbopol and
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HPMC gels. Based on these results, the authors selected the Carbopol® gel as the most
stable for the development of herbal formulations.

Figure 3. Aspect of Gel 2 on the 1st and 20th day

The color and odor variations in herbal formulations may not be considered significant,
as high temperature can interfere with the organoleptic characteristics of semi-solid
formulations. Therefore, it is necessary to provide guidance to the patients regarding
temperature and appropriate storage conditions based on the type of formulation [18].
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pH determination

The pH values determined using indicator strips on days 1, 20, 25, and 35 are presented
in Table 3.

Table 3. pH values on days 1, 20, 25, 35 of Gel 1 and Gel 2.

Gel pH Day

60 1

) 60 20 |
6.0 25
60 35 |
9.0 1

, 8.0 20 |
8.0 25
8.0 35 |

The pH of a formulation is standardized based on the stability pH range of active com-
ponents and the biological tolerance range for topical products (5.5 to 8.0). The gel
formulations developed in this research showed a pH compatible with the skin (6.0
and 8.0, respectively) and no significant changes were observed at the end of the study.

The determination of pH is a critical factor in the study of stability, as changes in
pH value can occur due to various factors such as impurities, hydrolysis, decomposi-
tion, and process error. These instabilities can also occur due to storage time and/or
improper transportation and storage conditions [19].

Spreadability determination

Figures 4 and 5 present the results of gel spreadability expressed in mm?, showing the
spreadability indices (y) and the weights applied to the sample (x). This test aimed to
evaluate the time taken for the formulation to spread over the applied surface, thus
identifying any changes in the product’s consistency.

By observing Figures 4 and 5, it is possible to evaluate that gel 2 exhibited superior
spreadability, with a more homogeneous distribution and a low standard deviation
when compared to gel 1.
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Spreadability of Gel 1
1800
1600 |
400, T
1200 g .
& 1000
& 800 !
600
400
200 |
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Figure 4. Spreadability of Gel 1
Spreadability of Gel 2
3000
2500
2000 i , L
£ 1500
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500 )
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Figure 5. Spreadability of Gel 2

The spreadability test of the topical gel allows for the evaluation of product changes
and can indicate ease or difficulty in its application [20]. Spreadability is explicitly
demonstrated by the amplification of formulations intended for topical applications
over a specific period at targeted sites, making it an essential attribute in pharmaceu-
tical forms. In semi-solid formulations for topical use, quantifying this parameter is
important to monitor changes in the formulation’s ability to spread in a specific area,
which can either facilitate or hinder its application, distribution, and/or absorption

through the skin [15].
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Microbiological Quality Control
Viable Microorganism Count

In the viable microorganism count assay using agar casein soy culture medium for bac-
teria, the plates showed low colony growth as shown in table 4, not exceeding the limits
allowed by the Brazilian Pharmacopoeia, 6th edition; 2019, which sets a maximum
limit of 10* CFU of non-pathogenic bacteria for non-sterile products. There was also
low fungal growth in the samples cultured on Sabouraud medium, complying with the
limits specified by the Brazilian Pharmacopoeia, 6th edition; 2019, which sets a maxi-
mum limit of 10" CFU per plate.

Table 4. Viable Microorganism Count

Bacteria (Soy Casein Agar)

Sample Bacteria (Soy Casein Agar) Fungi (Sabouraud Dextrose Agar)
Gel 1 3.3 UFC/mL 6.6 UFC/mL
Gel 2 20 UFC/mL 10 UFC/mL

Microbiological evaluation allows verifying whether the choice of the preservation sys-
tem is adequate or if interactions between formulation components may compromise

its efficacy [17].

Microbial contamination of a product can cause changes in its physical and chemical
properties and also pose a risk of infection to the user. Therefore, orally and topically
used pharmaceutical products (capsules, tablets, suspensions, creams, patches, etc.)
that are not intended to be sterile should be subject to microbial contamination con-
trol. Quality assurance and manufacturing control provided by good practices should
ensure that the product meets the specified requirements, including acceptable limits
for microorganisms, among other parameters [16].

Other criteria that should also be considered include the microbial load of raw materi-
als, the manufacturing process, the product formulation, and the results of water activ-
ity determination, when applicable. Low water activity results (equal to or less than
0.75 measured at 25 °C), as well as low or high pH, absence of nutrients, and the addi-
tion of preservatives, help prevent microbial contamination [16].

CONCLUSION

The gel base formulations of Carbopol” 940 gel and A. occidentale glycolic extract dem-
onstrated acceptable physicochemical characteristics after manipulation. This work
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contributed to clarifying important aspects in the field of compounding, as the phar-
maceutical development and characterization study allows for a better understanding
of the physicochemical nature of the vehicle and quality control of raw materials and
finished products. Based on the results of this study, it can be stated that Gel 2 exhib-
ited relevant and positive characteristics when compared to Gel 1, resulting in a homo-
geneous appearance and pleasant odor, as well as superior spreadability. Therefore, it
can be suggested that the presented gel formulation is stable, with the composition of
the gel considered appropriate, thus ruling out the need for reformulation.
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SUMMARY

Introduction: The phytocompounds of curcumin, epicatechin-gallate, luteolin-7-
glucoside, and zingerol extracted from Garlic, Turmeric/ Curcuma, Green tea,
Welsh onion/Leek, and Ginger, respectively, were studied in this paper. Therefore,
the purpose of this research is evaluating the effective physicochemical properties
of these herbal products to to fight against the SARS-CoV-2 infection. Materials
and Methods: The properties of these phytocompounds including dipole moment,
thermochemistry, chemical shielding tensors, charge density, electrostatic potential
and electron donating and electron accepting through frontier orbitals have
been computed due to density functional theory (DFT) and m062x/cc-pvdz
pseudo=CEP method towards the drug delivery system. Results and Discussion:
Thermochemical properties have evaluated the combined group contribution and
atom connectivity index with uncertainties in the estimated property values. The
minimum Gibbs free energy of ~1014.602x10° and -990.992x10° kcal-mol" for
luteolin-7-glucoside and epicatechin-gallate, respectively, has been calculated versus
dipole moment, which can indicate the most stability of these structures as natural
antiviral medications. In fact, it can be established how phytocompounds of allicin,
curcumin, epicatechin-gallate, luteolin-7- glucoside, and zingerol extracted from
Garlic, Turmeric/ Curcuma, Green tea, Welsh onion/Leek, and Ginger, respectively,

may act as the efficient antiviral of Coronavirus disease receptor. The NMR analysis
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has demonstrated the critical points of the principal components of medicinal plants
for binding to the active site of TMH (Tyr160-Met-161-Hil162) COVID-19, while
each active atom of O or N as the electronegative atoms for binding to the H remarks
the maximal shift in all steps in the NMR spectrum. Moreover, UV-VIS spectra
reported a positive induction of antioxidant compounds, such as polyphenols and
flavonoids. Conclusions: Thus, these natural drugs may be either a new or safe
treatment or even are employed as antiviral nutraceuticals in elevating immunity and

producing endurance to virus infections.

Keywords: COVID-19; TMH protein; medicinal plant; DFT

RESUMEN

Papel terapéutico de las plantas medicinales contra enfermedades
virales centradas en COVID-19: aplicacién de la quimica
computacional al disefo de fdrmacos

Introduccién: En este articulo se estudiaron los fitocompuestos de curcumina,
galato de epicatequina, luteolina-7-glucésido y zingerol extraidos de ajo, ctircuma/
ctircuma, té verde, cebolla galesa/puerro y jengibre, respectivamente. Por tanto, el
propésito de esta investigacion es evaluar las propiedades fisicoquimicas efectivas de
estos productos herbales paraluchar contralainfeccién por SARS-CoV-2. Materiales
y métodos: Las propiedades de estos fitocompuestos, incluido el momento dipolar,
la termoquimica, los tensores de proteccidon quimica, la densidad de carga, el
potencial electrostitico y los orbitales donadores y receptores de electrones a través
de la frontera, se han calculado gracias a la teorfa funcional de la densidad (DFT) y
el pseudo método m062x/cc-pvdz CEP enfocado en el sistema de administracién
de firmacos. Resultados y Discusion: Las propiedades termoquimicas han
evaluado la contribucién combinada del grupo y el indice de conectividad atémica
con incertidumbres en los valores estimados de las propiedades. La energia libre
de Gibbs minima de —1014,602x10° y =990,992x10° kcal-mol? para luteolina-
7-glucosido y galato de epicatequina, respectivamente, se ha calculado frente al
momento dipolar, lo que puede indicar la mayor estabilidad de estas estructuras
como Medicamentos antivirales naturales. De hecho, se puede establecer cémo los
fitocompuestos de alicina, curcumina, galato de epicatequina, luteolina-7-glucésido
y zingerol extraidos de ajo, circuma/ctircuma, té verde, cebolla galesa/puerro y
jengibre, respectivamente, pueden actuar como el eficaz antiviral del receptor

de la enfermedad del coronavirus. El anélisis de RMN ha demostrado los puntos
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criticos de los componentes principales de las plantas medicinales para unirse al sitio
activo de TMH (Tyr160-Met-161-Hi162) COVID-19, mientras que cada dtomo
activo de O o N como 4tomos electronegativos para unirse a la H sefala el cambio
maximo en todos los pasos en el espectro de RMN. Ademds, los espectros UV-VIS
informaron una induccién positiva de compuestos antioxidantes, como polifenoles
y flavonoides. Conclusiones: Por lo tanto, estos medicamentos naturales pueden ser
un tratamiento NUEVO O Seguro o incluso usarse como nutracéuticos antivirales para

elevar la inmunidad y producir resistencia a las infecciones virales.

Palabras clave: COVID-19; proteina TMH; planta medicinal; DFT

REsuMmoO

Papel terapéutico das plantas medicinais contra doengas virais
com foco no COVID-19: Aplicagio da quimica computacional
no design de medicamentos

Introdugio: Os fitocompostos de curcumina, epicatequina-galato, luteolina-7-gli-
cosideo e zingerol extraidos de alho, ctircuma/ctircuma, chd verde, cebola galesa/
alho-por6 e gengibre, respectivamente, foram estudados neste artigo. Portanto,
o objetivo desta pesquisa ¢ avaliar as propriedades fisico-quimicas eficazes desses
produtos fitoterdpicos no combate & infeccio por SARS-CoV-2. Materiais e
Métodos: As propriedades desses fitocompostos, incluindo momento de dipolo,
termoquimica, tensores de prote¢io quimica, densidade de carga, potencial eletros-
titico e doagio ¢ aceitagio de elétrons através de orbitais de fronteira foram compu-
tadas devido 2 teoria do funcional de densidade (DFT) ¢ pseudo método m062x/
cc-pvdz CEP para o sistema de entrega de medicamentos. Resultados e Discussao:
As propriedades termoquimicas avaliaram a contribui¢io combinada do grupo e o
indice de conectividade atdmica com incertezas nos valores estimados das proprie-
dades. A energia livre de Gibbs minima de -1014,602x10° ¢ —-990,992x10°
keal-mol! para luteolina-7-glicosideo e epicatequina-galato, respectivamente, foi
calculada versus momento dipolar, o que pode indicar a maior estabilidade dessas
estruturas como medicamentos antivirais naturais. Na verdade, pode-se estabelecer
como os fitocompostos de alicina, curcumina, epicatequina-galato, luteolina-7-gli-
cosideo e zingerol extraidos do alho, ctircuma/curcuma, cha verde, cebola galesa/
alho-por6 e gengibre, respectivamente, podem atuar como o eficiente antiviral do
receptor da doenga por Coronavirus. A andlise de RMN demonstrou os pontos

criticos dos principais componentes das plantas medicinais para ligacio ao sitio
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ativo do TMH (Tyr160-Met-161-Hi162) COVID-19, enquanto cada dtomo ativo
de O ou N como 4tomos eletronegativos para ligacio ao H observa o deslocamento
maximo em todas as etapas do espectro de RMN. Além disso, os espectros UV-VIS
relataram uma indugio positiva de compostos antioxidantes, como polifendis e flavo-
néides. Conclusdes: Assim, esses medicamentos naturais podem ser um tratamento
novo ou seguro ou até mesmo serem empregados como nutracéuticos antivirais para

aumentar a imunidade e produzir resisténcia a infecgoes virais.

Palavras-chave: COVID-19; proteina TMH; planta medicinal; DFT

INTRODUCTION

Notwithstanding vaccine progress, Coronavirus disease therapy still stays dramati-
cally supportive with a prompt demand to recognize impressive anti-coronavirals. A
noteworthy method is reusing medications already released for other maladies. In this
regard, several investigations have been carried out to inquire whether antimalarial
medications could cure Coronavirus disease. Recently, antiviruses have been almost all
produced in human cells, transformed animal cells, and these are platforms that require
a lot of equipment, which are very long to set up. The arrival of a recent coronavirus,
known as the SARS-CoV-2 has initiated a pandemic of Coronavirus disease [1-4].

Natural medications are an important part of common health notwithstanding the
progress of the health system. Local treatment in rural zones keeps its importance as
the primary procedure in the usual seasonal maladies like colds and flu [5-8]. The most
important reason for herbs and medicinal plant treatment is the belief that it will influ-
ence healthier. The natural products interrupt the viral life of SARS-CoV-2 [9-14].
Many plant-based antibodies can respond very quickly to the emergence of new vari-
ants of Coronavirus disease [15-19].

People are reminded to take measures to decrease their risk of COVID-19 consisting
of public health and social measures such as wearing masks, hand hygiene, physical
distancing, increasing ventilation of inside spaces, preventing crowded spaces, and get-
ting vaccinated [20-22]. It has been announced that the global outbreak of special life-
threatening pneumonia resulted about 800 deaths which were world identified as the
harsh syndrome CoV (SARS-CoV) [23-27]. In addition, improved researches have
exhibited that the source of SARS-CoV based on the phylogenic discussion is most
likely from bats which are converted to human aerosols because of intermediate hosts
such as infectious palm civets by the virus [28-30]. CoV closely relates to strong breath-
ing syndrome CoV (SARS-CoV), which is an epidemic with a short period of living
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time. Moreover, MERS-CoV indicates SARS-like symptoms through human infections,
consisting of the signs like influena: high fevers, fatigue, malaise, and rigors, but it has
been observed later improvement into typical pneumonia in most samples. Therefore,
the animal patience of CoV, through its power of intermediate transition into human, is
threatening that has been concluded with a new case of MERS-CoV recommending bats
and dromedary camels as the source for this kind of virus sample [31-37].

In some works, it has been explored that a prototype of the Coronaviridae family is
an infectious bronchitis virus (IBV) which corresponds to the genetic group III of
CoV and produces strong economic problem for the poultry sources in the world soci-
ety [38-41]. In fact, the researchers have not achieved any vaccine or specific antiviral
cures by managing the treatment of symptoms, and collecting the experimental infor-
mation [42-44]. Environmental elements can greatly affect the secretion of secondary
metabolites from tropical plants. Therefore, great attention has been paid to the sec-
ondary metabolites conducted by plants in tropical regions that may be developed as
medicines [45-47]. Several compounds, such as flavonoids, from medicinal plants,
have been reported to have antiviral bioactivities [48-50]. In the present study, it has
been investigated the phytochemicals of allicin, curcumin, epicatechin-gallate, lute-
olin-7- glucoside, and zingerol extracts from Garlic, Turmeric/ Curcuma, Green tea,
Welsh onion/Leek, and Ginger, respectively as the probable anti-COVID-19 receptor
derived from medicinal plants (Table 1).

The achieving of the present study will provide other researchers with opportunities to
identify the right drug to combat COVID-19 by theoretical methodologies to guess
the effect of hydrogen bonding in various attachments through seven medicinal plants
of allicin, curcumin, epicatechin-gallate, luteolin-7-glucoside, and zingerol extracts
from Garlic, Turmeric/ Curcuma, Green tea, Welsh onion/Leck, and Ginger, respec-

tively, bonded to the active site of COVID-19 PDB.
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Table 1. Allicin, curcumin, epicatechin-gallate, luteolin-7- glucoside, and zingerol as the probable

anti- COVID-19 receptor derived from medicinal plants.

Compound Molecular structure Sources
0 Garlic
\\ (‘
Allicin S S Q
H,Cx / \ ~CH, ,“‘u}v'é)f,

Turmeric/ Curcuma
Curcumin
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Welsh onion/ Leek

H~o Q u
\ 0
Luteolin-7- "y O 0 O
glucoside 0o Oﬁ
OH
H’O o,
H
.0
H
CH
Zingerol HgC\O:©\AK :
0
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MATERIAL AND METHODS

In this article, the properties of thermodynamic parameters of infrared spectroscopy,
chemical shielding of nuclear magnetic resonance analysis, charge density, electrostatic
potential and electron donating and electron accepting towards a drug design model
by GaussView 6.1 [51] and Gaussian 16 revision C.01 program have been done [52].
In addition, the atomic orbitals were afhiliated to unravel the gauge subject in the com-
putation of nuclear magnetic resonance for phytocompounds of allicin, curcumin,
epicatechin-gallate, luteolin-7- glucoside, and zingerol extracts from Garlic, Turmeric/

Curcuma, Green tea, Welsh onion/ Leek, and Ginger, respectively (Tablel) [53-55].

First, the attachement of allicin, curcumin, epicatechin-gallate, luteolin-7-glucoside, and
zingerol bonded to the active site of COVID-19 protein has been accomplished by form-
ing relatively stable complexes through the hydrogen bonding. Then, one series of quantum
force fields including m062x/cc-pvdz pseudo=CEP for complexes of seven inhibitors for
COVID-19 has been accomplished though discovering the minimized coordination of the
best molecules of natural plant-TMH drug design sample with IR calculations using the
Gaussian 16 revision C.01 program [52]. It has been remarked that polarization functions
into the employed basis set in the theory always presents us an magnificent achievement on
simulation and modeling of theoretical studies [56-60].

Then, normal mode results are the discovery of potential harmonic wells by analytic
methodologies that save the movement of all atoms simultaneously in the vibration
time range toward a natural discussion of structural vibrations [61-64].

RESULTS AND DISCUSSION

Geometry optimization

So, the minimized geometry coordination of medicinal ingredients-TMH complexes
toward the drug design has been run through the active site of certain O, N, and H
atoms in the linkage of bond and torsion angles (Table 2).

For finding a constant molecule of medicinal plant linkage of COVID-19 active site,
geometry optimization plus the nuclear magnetic resonance estimation, intensity and
harmonic frequency of different normal modes were computed with ab initio meth-
ods, and the IR spectral were analyzed. The theoretical computations were run at
different levels of calculations to achieve the more accurate equilibrium geometrical
consequences and infrared spectral information for each of the certain molecules. It
is reccommended that polarization functions and an additional diffuse into employed
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basis sets in the calculation lead us to the significant improvement on the consequences
of theoretical levels. The simulation exhibits the methodologies that produce a com-
mon model template at a particular temperature by measuring all physicochemical
characteristics through the partition functions. Each part of the model consisting of
natural components-TMH, has been minimized by quantum mechanics calculation
of DFT level including ECP computations with pseudo=CEP basis sets. Moreover,
these systems have been estimated by QM /MM method duty to the ONIOM method.

Table 2. The optimized characteristics of allicin, curcumin, Luteolin-7-glucoside, and zingerol bon-

ded to TMH active site through the drug design method.

Medicinal structures —

COVID-19 target Bond length (A) Bond/Torsion angle )
C37-038 1.3600
C37-038-H39 113.00
Allicin 038-H39 0.9600
H39-S4 1.5042 C37-038- H39- S4 41.81
N95-H96 1.0099
N95-H96-09 117.25
Curcumin H96-09 0.9706
09-C6 1.3621 N95-H96-09-C6 78.71

N100-H101 1.0098

N100- H101-O32 155.14
H101-032 0.9362

Luteolin-7-glucoside

N100-H101-
032-C13 1.3606 032-C13 -88.90
N78-H79 1.0100
N78-H79-0O11 130.22
Zingerol H79-011 0.9966
011-C9 1.4087 N78-H79-0O11-C9 148.05

Thermodynamic properties analysis & infrared spectroscopy

Thermodynamic parameters for allicin, curcumin, epicatechin-gallate, luteolin-7-glu-
coside, and zingerol extracts from Garlic, Turmeric/ Curcuma, Green tea, Welsh onion/
Leek, and Ginger, respectively have been reported in Table 3 and Figurel.
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Table 3. Thermodynamic parameters for allicin, curcumin, epicatechin-gallate, and luteolin-7- gluco-

side, and zingerol using density functional theory method and “m062x/cc-pvdz pseudo=CEP” level.

Phviochemicals | AEX107  AHX10° AGTx10° AS® D ‘P°let
yrochemicals 1 cal.mol?)  (kcal-mol’) | (kcalmol?)  (calK'.mol?) = To™e"
(Debye)
Allicin -685.830 -685.829 -685.858 96.825 3.0022
Curcumin -781.953 -781.953 -781.990 124.909 43688
Epicatechin- -990.953  -990.953 -990.992 133.472 37835
gallate
Luteolin-7-
: -1014.564  -1014.564 -1014.602 127.737 3.4279
glucoside
Zingerol 405.017 -405.017 -405.046 98.991 2.1572
Dipole moment (debye)
72001.75 2.25 2.75 3.25 3.75 4.25 4.75
-300
Zingerol R*=0.9676
-400

-500

-600

-700 o Allicin

800 Curcumin

-900 Epicatechirgallate

-1000

-1100 Luteolin7- glucoside

AG° (kcal-mol!)
-1200

Figure 1. The AG® /kcal-mol” versus dipole moment/ debye for allicin, curcumin, epicatechin-ga-

llate, and luteolin-7-glucoside, and zingerol.

Figurel has shown the minimum Gibbs free energy consisting of —~1014.602x10° and
-990.992x10* kcal-mol ! for luteolin-7-glucoside and epicatechin-gallate, respectively,
versus dipole moment which can indicate the most stability of these structures of the
antiviral natural medications.

A comparison was made between thermodynamic properties of live matter of the ana-
lyzed plants. Moreover, the effectiveness of the process was analyzed through standard
enthalpy, entropy, and Gibbs energy of biosynthesis. The pure component properties
are estimated for active pharmaceutical ingredients that are related or proposed for
the treatment of severe acute respiratory syndrome-CoronaVirus-2. Thermodynamic
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properties can estimate the combined group contribution and atom connectivity index

with uncertainties in the estimated property values.

Moreover, the spectroscopy of infrared for major sesquiterpenes of allicin, curcumin, epi-

catechin-gallate, and luteolin-7-glucoside, and zingerol has been achieved due to density

functional theory method and “m062x/cc-pvdz pseudo=CEP “ keyword (Figure 2 a-¢).
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Figure 2. Infrared spectrums of of a) allicin, b) curcumin, c) epicatechin-gallate, d) luteolin-7-glu-
coside, and ¢) zingerol to TMH (Tyr160-Met-161-Hi162) through the drug design method calcu-

lated by m062x/cc-pvdz pseudo=CEP.

The most fluctuation of frequency of infrared spectra for allicin, curcumin, epicatechin-
gallate, and luteolin-7-glucoside, and zingerol has been approximately seen between
500-2000 cm™ (Figure 2 a-¢).

Quality control of plant-based medicine and supplements must be carried out to
ensure uniformity in quality and safety in their use, resulting in the need for effective
and accurate analytical methods. In this article, IR spectroscopy has analyzed the quali-
tative and quantitative parameters that is accurate and nondestructive. This approach
has been applied for quantitative analysis of compounds in complex matrices such as
plant-based medicine and supplements supported by chemometrics techniques.

Chemical shielding insight through nuclear magnetic resonance spectrum

The heterocyclic antiviral phytochemicals of allicin, curcumin, epicatechin-gallate, luteo-
lin-7- glucoside, and zingerol have approximately shown the equal manner from 20 to
200 ppm for different atoms of these phytochemicals (Figure 3 a-¢). The nuclear mag-
netic resonance spectrum displayed the steepest peak in 40 ppm and the fragile peaks of
nuclear magnetic resonance have approximately in 100-200 ppm for all three antiviral
phytochemicals including allicin, curcumin, epicatechin-gallate, luteolin-7-glucoside,
and zingerol, respectively (Figure 3 a-c).

The computation of hydrogen nuclear magnetic resonance on the foundation of amino
acids in the beta-sheet conformation Tyrosine-Methionine-Histidine and the five
main ingredients of medicinal plants including allicin, curcumin, epicatechin-gallate,
luteolin-7-glucoside, and zingerol have been evaluated to explorer the certain atoms
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of hydrogen, nitrogen and oxygen in the critical areas of these anti-virus medicines
through the generating of H-bonding by identifying the attack point of Tyrosine-
Methionine-Histidine (Figure 3 a-e).
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Figure 3. NMR spectra of a) allicin, b) curcumin, c) epicatechin-gallate, d) luteolin-7- glucoside,
and ¢) zingerol bonded to TMH (Tyr160-Met-161-Hil62) COVID-19 active site through the
drug design method by showing the active region of TMH in the drug design process.

The nuclear magnetic resonance analysis shows the critical points of the principal com-
ponents of medicinal plants for binding to the Tyr160-Met161-His162 (TMH) due
to producing the anti-virus drugs, while each active atom of O and N as the electro-
negative atoms for binding to the H remarks the maximal shift in all steps in the NMR
spectrum (Figure 3 a-¢).
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However, NMR method is insensitive and requires a relatively large amount of sample
to make a measurement. Furthermore, in herbal medicines analysis, one of the obsta-
cles is the efliciency of the analysis, because the complex components of medicinal
plants can complicate the process. In addition, the analysis process can also damage
the material.

Frontier orbitals

The Frontier orbitals (FMOs) have been estimated for some effective phytochemi-
cals of allicin, curcumin, epicatechin-gallate, luteolin-7-glucoside, and zingerol
extracts from Garlic, Turmeric/ Curcuma, Green tea, Welsh onion/Leek, and Ginger,

respectively (Table 4).

The highest occupied molecular orbital energy (HOMO/¢V), the lowest unoccupied
molecular orbital energy (LUMO/¢V) and band energy gap “AE” (¢V) indicated the
pictorial description of positive and negative areas that are a crucial agent for recog-
nizing the molecular specifications of antiviral phytochemicals consisting of allicin,
curcumin, epicatechin-gallate, luteolin-7-glucoside, and zingerol (Table 4).

FMOs pinpoint the locality of chemical bonds that are chemically reactive because
of the associated orbital energies and thus have achieved great success in describing
chemical reactivity, mainly for small systems. Orbitales are localized in both physical
and energy spaces and thus contain both orbital locality and energy information.

The applications of allicin, curcumin, epicatechin-gallate, luteolin-7-glucoside, and
zingerol in its equilibrium geometry, inter- and intra-molecular charge-transfer sys-
tems, and two transition states of a bifurcating reaction demonstrate that FMOs can
connect quantum mechanical treatments of chemical systems and chemical reactivities
by locating the reactive region of large chemical systems. The role of FMOs can be
described for small systems and describe the chemical reactivity of large systems with
energy and locality insight, with potentially broad applications.
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Analysis of Ultraviolet-Visible spectroscopy

Generally, organic materials are clear to the large energy radiation which forms the ultra-
violet (200-400 nm) and visible (400—700 nm) section of the electromagnetic spectrum.
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Figure 4. Ultraviolet-Visible spectrums of a) allicin, b) curcumin, ¢) epicatechin-gallate, d) luteo-

lin-7- glucoside, and ¢) zingerol.

In the measured amounts of Ultraviolet-Visible spectrums for principal phytocom-
pounds of allicin, curcumin, epicatechin-gallate, luteolin-7-glucoside, and zingerol,
there are maximum absorption bands between 250-350 nm for allicin with a sharpest
peak in 290 nm (Figure 4a), around 300-400 nm for curcumin with a keen peak in
350 nm (Figure 4b), about 200-250 nm for epicatechin-gallate with a pointed peak in
245 nm (Figure 4c¢), around 250-350 nm for luteolin-7- glucoside with a strong peak
in 290 nm (Figure 4d), and near 180-230 nm for zingerol with a steepest peak in
204 nm (Figure 4e).
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The medicinal value of plants depends upon phenolics, antioxidants and volatile yield.
Enhanced levels of UV radiation can indeed negatively change plant physiological
processes, growth and productivity. However, while studying UV effects on medicinal
plants, some interesting phenomena have been discovered. Furthermore, UV radiation
seems to be a safe alternative as targeted treatment in medicinal and aromatic plants
attributed to concurrent increase in different health-related constituents.

CONCLUSIONS

Natural drugs and phytochemical by progressing COVID-19 pandemic have been
studied against this viral disease through their biological activities of anti-inflamma-
tory, antibacterial and antioxidant. The results in this article have remarked that natural
drugs due to potential active phytocomponents might grow a further effective species
in the remedy of the new coronavirus of severe acute respiratory syndrome coronavirus
2 accountable for Coronavirus malady. Some physical and physicochemical attributes
from optimized structure of allicin, curcumin, epicatechin-gallate, luteolin-7-gluco-
side, and zingerol extracts from Garlic, Turmeric/ Curcuma, Green tea, Welsh onion/
Leek, and Ginger, respectively, disclosed to be potent in displaying antiviral activities
by interrupting the viral life. Thus, these natural drugs may be either a new or safe
treatment or even is employed as antiviral nutraceuticals in elevating immunity and
producing endurance to virus infections.
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RESUMEN

Introduccién: La participacién de los componentes inmunitarios en las patologfas
inflamatorias de la piel ha traido como consecuencia la posibilidad de intervenir en
los procesos que las desencadenan o perpettan, de ahi la importancia de conocer las
diversas terapias bioldgicas que tienen como blanco, proteinas especificas que son
el resultado de la disfuncién de la respuesta inmune en varias enfermedades de la
piel. En el presente trabajo de revision, se presentan diversos aspectos relacionados
con el criterio de seleccién de los productos bioldgicos (o biofarmacéuticos) con
particular interés en los anticuerpos monoclonales (mAb) asi como las principales
patologias dermatoldgicas en los que se han aplicado. Esto, en virtud de que los
mADb se han utilizado mayormente en la terapéutica de neoplasias y se explora
la posibilidad de su uso en otros padecimientos de la piel ademds del cdncer.
Desarrollo del tema: La presente revision bibliografica aborda los principales
aspectos relacionados con: a) Seguridad e inmunogenicidad de los anticuerpos
monoclonales, b) Aplicaciones terapéuticas de los mAb en dermatologfa: Psoriasis,
Dermatitis atépica, Hidrandenigtis supurativa, Urticaria, Pénfigo, Alopecia areata,
Pioderma gangrenoso Pitiriasis nubra pilaris, Sarcoidosis cutdnea, Sindrome de
Behcet y en otras patologias, c) Biosimilares en dermatologia y d) Lesiones cutdneas
asociadas con el uso de anticuerpos monoclonales. Discusién: La terapéutica
basada en mAD es un 4rea de constante crecimiento y la tecnologfa recombinante ha
permitido la obtencién de moléculas cada vez mds estables y menos inmunogénicas

que permitirdn ofrecer opciones terapéuticas a varias patologias dermatolégicas con
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El uso de anticuerpos monoclonales en dermatologia

caracteristicas de hiperinflamacién o inmunosupresion. Conclusién: El aumento de
estudios clinicos para el uso potencial de anticuerpos monoclonales en dermatologia
permitirdn su autorizacion por las agencias regulatorias y aumentar el arsenal

terapéutico para padecimientos de dificil control.

Palabras clave: Anticuerpos monoclonales, terapias bioldgicas, biofirmacos

SUMMARY

The use of monoclonal antibodies in dermatology

Introduction: The participation of immune components in inflammatory skin
pathologies has brought about the possibility of intervening in the processes that
trigger or perpetuate them, hence the importance of knowing the various biological
therapies that target specific proteins that They are the result of dysfunction of the
immune response in several skin diseases. In the present review work, various aspects
related to the selection criteria of biological products (or biopharmaceuticals) are
presented with particular interest in monoclonal antibodies (mAb) as well as the
main dermatological pathologies in which they have been applied. This is due to
the fact that the use of mAbs has been used mainly in the therapy of neoplasias and
the possibility of their use in other skin conditions in addition to cancer is being
explored. Development of the topic: This bibliographic review addresses the
main aspects related to: a) Safety and immunogenicity of monoclonal antibodies,
b) Therapeutic applications of mAbs in dermatology: Psoriasis, Atopic dermatitis,
Hidrandenigtis suppurativa, Urticaria, Pemphigus, Alopecia areata, Pyoderma
gangrenosum Pityriasis nubra pilaris, Cutaneous sarcoidosis, Behcet’s syndrome
and other pathologies, c) Biosimilars in dermatology and d) Skin lesions associated
with the use of monoclonal antibodies. Discussion: mAb-based therapeutics is an
area of constant growth and recombinant technology has allowed the obtaining
of increasingly stable and less immunogenic molecules that will allow us to offer
therapeutic options for various dermatological pathologies with characteristics of
hyperinflammation or immunosuppression. Conclusion: The increase in clinical
studies for the potential use of monoclonal antibodies in dermatology will allow
their authorization by regulatory agencies and increase the therapeutic arsenal for

conditions that are difficult to control.
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REsuMmoO

O uso de anticorpos monoclonais em dermatologia

Introdugio: A participagiao dos componentes imunes nas patologias inflamatdrias
da pele tem trazido a possibilidade de intervir nos processos que as desencadeiam
ou perpetuam, dai a importincia de conhecer as diversas terapias bioldgicas que
tém como alvo proteinas especificas que sio o resultado da disfuncio do sistema
imunoldgico, resposta em diversas doengas de pele. No presente trabalho de revisio
sio apresentados vdrios aspectos relacionados com os critérios de seleccio de
produtos bioldgicos (ou biofarmacéuticos) com particular interesse nos anticorpos
monoclonais (mAb) bem como nas principais patologias dermatolégicas em que tém
sido aplicados. Isso ocorre porque os mAbs tém sido utilizados principalmente no
tratamento de neoplasias e estd sendo explorada a possibilidade de seu uso em outras
doengas de pele além do cincer. Desenvolvimento do tema: Esta revisao bibliografica
aborda os principais aspectos relacionados a: a) Seguranca e imunogenicidade de
anticorpos monoclonais, b) Aplicagdes terapéuticas de mAbs em dermatologia:
Psorfase, Dermatite at6pica, Hidrandenigtis supurativa, Urticdria, Pénfigo, Alopecia
areata, Pioderma gangrenoso Pitirfase nubra pilar, Sarcoidose cutanea, sindrome de
Behget e outras patologias, c) Biossimilares em dermatologia ed) Lesoes cutineas
associadas ao uso de anticorpos monoclonais. Discussio: A terapéutica baseada
em mADb ¢ uma drea em constante crescimento e a tecnologia recombinante tem
permitido a obten¢io de moléculas cada vez mais estdveis e menos imunogénicas que
nos permitirao oferecer opgdes terapéuticas para diversas patologias dermatoldgicas
com caracteristicas de hiperinflamagio ou imunossupressio. Conclusio: O
aumento de estudos clinicos para o potencial uso de anticorpos monoclonais em
dermatologia permitird sua autorizagio pelas agéncias reguladoras e aumentard o

arsenal terapéutico para condi¢des de dificil controle.

Palavras-chave: Anticorpos monoclonais, terapias biolégicas, biofdrmacos

INTRODUCCION

El desarrollo de nuevas terapias que incluyen a los medicamentos biolégicos o biofér-
macos ha permitido el tratamiento de enfermedades de naturaleza inflamatoria. Estas
terapias bioldgicas se basan en la administracién exégena de diversos tipos de molécu-
las que modifican la respuesta del hospedero como son los anticuerpos, los receptores
solubles, las citocinas o sus antagonistas, las enzimas, los antibiéticos, los factores de
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crecimiento o las vacunas entre otros. Su administracién interfiere con el avance de la
enfermedad previniendo o reduciendo las manifestaciones clinicas de ciertas patolo-
gias y disminuyendo los efectos colaterales de las terapias convencionales [1, 2].

Una de las ventajas mds importantes de los bioldgicos es la eficacia; al interferir en el
mecanismo patogénico de la enfermedad, ofrece una exclusividad terapéutica, lo que se
traduce en un aumento de la eficacia clinica [3].

Entre los medicamentos biolégicos mas utilizados se encuentran los anticuerpos
monoclonales (mAb) que son proteinas obtenidas a partir de “hibridomas”, y con ello
se logra la capacidad de produccién ilimitada de anticuerpos especificos para el anti-
geno utilizado en la inmunizacién. Estas proteinas son herramientas esenciales para la
investigacion, diagndstico de enfermedades y actualmente son utilizados como opcio-
nes terapéuticas para varias patologias [4].

Los mADb al igual que los anticuerpos convencionales, son generalmente glicoproteinas
de la clase IgG compuestas de dos cadenas polipeptidicas ligeras y dos cadenas pesadas
unidas por enlaces disulfuro. En cada tipo de cadena existen regiones variables de unién
al antigeno (Fab) y fragmentos constantes (Fc). La interaccién del mAb con el antigeno
especifico generalmente inhibe su actividad [5].

La obtencién de los anticuerpos monoclonales se describié en la primera mitad de los
anos setenta por César Milstein, George J. Kohler y Niels Jerne en el Reino Unido [6]. Su
trabajo fue publicado en el afio de 1975 y para el afo de 1984 fueron merecedores del pre-
mio Nobel por la trascendencia de la potencialidad para su uso. Estos anticuerpos ofrecen
nuevas oportunidades de tratamiento de enfermedades de incidencia creciente como son
el cdncer, enfermedades autoinmunes, enfermedades infecciosas y degenerativas asi como
para el diagnéstico de laboratorio. La combinacién de estos anticuerpos con radioiséto-
Ppos, toxinas, citostaticos o citocinas permite aumentar su efectividad.

Los mAb se clasifican segt’m su origen como murinos, quiméricos, humanizados o com-
pletamente humanos [7]. Progresivamente se van sustituyendo los componentes muri-
nos por otros de origen humano para disminuir con esto su antigenicidad para lo cual
se han desarrollado metodologias de DNA recombinante (Figura 1).

a.  Anticuerpos murinos: El 100% de su estructura procede del ratén, por tanto su
uso estd limitado principalmente al laboratorio por su capacidad inmunogénica.

b.  Anticuerpos quiméricos: Las regiones variables son de origen murino siendo
humano el resto de las cadenas, estos anticuerpos se obtienen por ingenieria
genética.
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c.  Anticuerpos humanizados: Solamente las regiones CDR (regiones de reconoci-
miento al antigeno) de las partes variables de los anticuerpos proceden del ratén.

d.  Anticuerpos totalmente humanos: Su totalidad es de origen humano, reduciendo
asi respuestas de inmunogenicidad.

Murino Quimérico Humanizado Humano

\ / N Ay . Ss O A

0% humano 65% humano  90% humano 100% humano
Sufijo genérico -omab -ximab -zumab -umab
Inmunogenicidad

Figura 1. Tipos de anticuerpos monoclonales

La nomenclatura de estos anticuerpos utiliza el sufijo “omab” cuando se tratan de anti-
cuerpos murinos, “ximab” en los quiméricos, “zumab” en los humanizados y “umab” en
los completamente humanos.

Seguridad e Inmunogenicidad de los anticuerpos Monoclonales

La seleccién de un medicamento bioldgico (biofarmacéutico o biofdrmaco) es una
decisién terapéutica individualizada tomando en cuenta parimetros como son la
seguridad, eficacia y contraindicaciones entre otros. El principal criterio para utili-
zar terapia combinada de medicamentos convencionales con productos biolégicos
depende de la severidad de la enfermedad, fallas en la respuesta clinica de los firma-
cos convencionales, necesidad de control de la aplicacién intravenosa, y el costo del
tratamiento entre otros [8].

Antes de iniciar el tratamiento con inmunosupresores bioldgicos es preciso realizar una
historia completa, incidiendo sobre antecedentes de tuberculosis, neoplasias, enferme-
dad desmielinizante o cardiopatia moderada o grave, y solicitar la determinacién de un
PPD, una placa de torax, serologias de hepatitis By C y del virus de la inmunodeficien-
cia humana.
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Para conocer el perfil de seguridad del posible uso de los mAbs se deben consultar los
resultados de los diversos estudios del desarrollo de las fases clinicas (I, I y III), porque
en varios casos, aun no estd autorizado su uso por que pueden generar efectos colate-
rales [9]. Es muy importante reconocer que los efectos secundarios de estos productos
dependen ya sea de su capacidad como inmunosupresores por lo que los pacientes pue-
den presentar infecciones, neoplasias o reacciones de autoinmunidad debido a la pre-
sencia de proteinas que provocan diferentes grados de hipersensibilidad asociados con
su capacidad inmunogénica. Aunque habria que distinguir entre las complicaciones
directamente imputables a estos farmacos y las complicaciones atribuibles a la propia
enfermedad o a terapias previas [8].

Es frecuente que los tratamientos utilizados de muchas afecciones dermatoldgicas son
de uso prolongado y se hace necesario considerar la toxicidad asociada con el uso de
los medicamentos tradicionales, como ejemplo se ha reportado que los antagonistas de
TNF alfa evitan la hepatotoxicidad y son seguros en pacientes con funciones hepaticas
comprometidas [9].

Ademis de las enfermedades de base que presenten los pacientes que pueden ser can-
didatos al uso de estos productos bioldgicos, se deben de considerar las reacciones
indeseables o fallas en el tratamiento que pueden estar asociadas al grado de inmunoge-
nicidad de los anticuerpos monoclonales.

La capacidad de respuesta inmunoldgica ante moléculas extranas induce la produccion
de anticuerpos por tanto, la inmunogenicidad ante proteinas de origen animal puede
ser un riesgo, y para el caso de los anticuerpos monoclonales éste, serd mayor, en tanto
la diferencia estructural con las proteinas de origen humano sea mayor.

Una de las principales causas de la baja respuesta o pérdida de eficacia de los biofar-
macos es su inmunogenicidad la cual depende de la aparicién de anticuerpos dirigidos
hacia estas moléculas, a los cuales se les denominan anticuerpos anti-firmacos (o ADA
por su denominacion en inglés). Esto puede llevar a inhibir la funcién y en consecuen-
cia: a) La suspensién del tratamiento, b) Combinar con otros biolégicos o con otros
tratamientos convencionales, ¢) Aumentar la dosis del bioldgico, d) Acortar el inter-
valo de dosificacién y ¢) Cambio de producto bioldgico.

Uno de los principales factores que pueden favorecer la inmunogenicidad de los bio-
férmacos se relaciona con la via de administracién ya que la aplicacion intravenosa
favorece la tolerancia mientras que la aplicaciéon subcutdnea o intramuscular estimula
la respuesta inmune secundaria [10]. Por tal motivo, conocer la posibilidad de la inmu-
nogenicidad de cualquier firmaco es importante para tomar decisiones en pacientes
tratados con productos bioldgicos [11-13].
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Aplicaciones terapéuticas en dermatologia

Los anticuerpos monoclonales que han sido aprobados por las asociaciones internacio-
nales tienen aplicaciones terapéuticas en dreas diversas como son el cdncer, enferme-
dades autoinmunes y enfermedades inflamatorias crénicas, asi como en el tratamiento
de rechazo a transplantes. Entre las enfermedades autoinmunes se encuentran princi-
palmente la artritis reumatoide, psoriasis, enfermedad de Crohn y esclerosis multiple.

La inhibicién de mediadores especificos para la inflamacién es parte de las estrategias
de tratamiento para los dermat6logos, con el uso tradicional de agentes inmunosupre-
sores sistémicos. Sin embargo, estos productos no estén libres de efectos adversos y
deben manejarse con cuidado [14].

Los productos bioldgicos en dermatologia han tenido un crecimiento exponencial en
muy pocos afnos, Los inhibidores de TNF alfa se usan de manera rutinaria en todo
el mundo. Los biofidrmacos utilizados en dermatologia se clasifican como: Anti-TNF
alfa, anticuerpos contra receptores del linfocito T, Interleucinas, inhibidores JAK, pro-
teinas de fusién y otros (Tabla 1) [15].

Tabla 1. Clasificacion de medicamentos biolégicos de acuerdo a su funcién bioldgica en

dermatologa.

Anticuerpos Antireceptores Interleucinas o . i
P P Inhibidores de Proteinas

Inhibidores  especificosde  Anticuerpos iy Otros
de TNF alfa células T antinflamatorios JAK de fusién
Anakirna (IL- . Belimumab
1Ra) Ruxolitinib (anti BLyS)
Alefacept
Infliximab Siplizumab Antitumor Th1 %FcAl.’) * Avelumab
(AntiCD 2) citocina (IL-2) 5 (anti PD-L1)
Bloquea
CD2
L L Tezepelumab
Citocina Th2 Tofacitinib (anti TSLP)
Denileukin
. . difititox Lanadelumab
Adalimumab | Orthoclone - Dupilumab (anti IL2+  Inhibidorde
(Anti CD 4) IL-4a) i L
Toxina calicreina
diftérica
Mepolizumab Baricitinib Efalizumab
(anti IL-5) et (anti LFA-1)
(Contintia)
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Antfa‘lerpos Antlre,ceptores Interl‘eucmas o Inhibidores de  Proteinas
Inhibidores  especificos de Anticuerpos JAK de fusia Otros
de TNF alfa células T antinflamatorios ¢ fusion
Ee . Rituximab ABX-ILS (anti é?;{iizp ;_ Omalizumab
ANCICPE 1 (Anti CD 20) | IL-8) G (anti IgE)
Tenovil (IL-10) | Decernotinib ngeh.z umab
(anti IgE)
Onercept
Basiliximab, . PSS soluble SMART e
. , Oprelvekin (IL- , IFN gamma
Golimumab | Daclizumab 1) proteina (anti TNE
(Anti CD 25) deuniéna | 0
TNE gamma)
Usterkinumab,
Briakinumab .
(AntiIL-12 ¢ IL Upadactinib [FN- alfa
23)
Certolizumab Galiximab Tralokinumab, Etanercept
(Fragmento (A :, éD z or) Lebrikizumab TNF alfa + | IFN-gamma
Fab) nt Y1 (and IL-13) IsG
Secukinumag,
Brodalumab,
Ixekizumab, Bilgotinib GM-CSF
Bimekizumab
(anti IL-17)
Guselkumab,
Risankizumab,
Tildrakizumab PDFG
(anti IL-23)
Nemolizumab VIG

(anti IL-3rA)

Abreviaturas: IL: interleucina, Th: linfocito T cooperador, Ra: receptor antagonista, TNF: factor
de necrosis tumoral, JAK: cinasa janus, LFA: ligando de CD2, BLyS: proteina estimuladora de
linfocitos B, PD-L1: Ligando de muerte programada, TSLP: Linfoproteina de estroma timico,
GM-CSF: factor de crecimiento estimulante de colonias de granulocitos y monocitos, PDFG:
factor de crecimiento estimulante de plaquetas, IVIG: pool de plasma humano fresco. Fuente:

Modificado de Oka ez 4/. (2019) [15].

A continuacion se presenta cual ha sido la experiencia del uso y contraindicaciones de
los biofarmacos utilizados para enfermedades de interés dermatolégico [3, 16-19]:
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Psoriasis

La terapia bioldgica en psoriasis se recomienda cuando la terapia sistémica con meto-
trexato, ciclosporina o acitretina ha fallado. El problema es por sus efectos secundarios
de tipo acumulativo y por dafnos hepaticos o renales [20].

La efectividad de los medicamentos biol6gicos ha sido comprobada en multiples ensa-
yos aleatorizados y controlados con placebo que han incluido a varios miles de pacien-
tes. En la psoriasis, se emplean ampliamente y con éxito en el tratamiento de las formas
moderadas y graves de artritis psoridsica y reumatoide [21].

El uso de etanercept (Enbrel) se aprobd en el 2002 por la FDA para el tratamiento de
la artritis psoridtica, posteriormente para la psoriasis en placa: alefacept (Amevive) y
efalizumab (Raptiva) y adalimumab (Humira) [22].

A la fecha existen cuatro categorias de bioldgicos para el manejo de la psoriasis que tie-
nen como finalidad neutralizar la accién de interleucinas proinflamatorias tales como:

a.  Elfactor de necrosis tumoral alfa (adalimumab, etanercept, certolizumab,
infliximab)

b.  Lasinterleucinas 12 y 23 (ustckinumab)
C. La interleucina 17 (brodalumab, ikekizumab, secukinumab)

d.  Lainterleucina 23 (guselkumab, risankizumab, tildrazizumab), no aprobada atin
para artritis psoriatica.

Estos farmacos tienen ventajas y desventajas entre ellas ya que se tiene el riesgo de la
aparicién de enfermedades fungicas o tuberculosis y pueden exacerbar fallas cardiacas
y esclerosis multiple [23-25].

En Estados Unidos etanercept en un inicio fue el medicamento biolégico més indicado;
sin embargo, tras recibir la aprobacién para la artritis psoridtica en 2005 y para psoriasis
en 2008, el uso de adalimumab aumentd de manera gradual a partir del 2011 [23].

La guia clinica britdnica y la francesa han propuesto a ustekinumab o adalimumab como
tratamientos de primera linea [18]. A partir del 2014 ustekinumab se receté con mayor
frecuenciay es considerado el bioldgico recomendado en el tratamiento de psoriasis [25].

Dermatitis atopica

Antes de la aprobacién del uso de bioldgicos para esta enfermedad, las opciones tera-
péuticas eran escasas principalmente con el uso de inmunosupresores con el riesgo de
toxicidad en varios érganos.
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El tratamiento con interferén gamma (IFN-gamma) e inmunoglobulina intravenosa ha
generado resultados diversos en estudios aleatorios, doble ciego y con placebo. En el caso
del uso de Efalizumab (anti LFA-1) y Alefacept (anti LFA-3/IgG) son eficientes para
la dermatitis moderada y severa, ast como el uso de Rituzimab (anti CD20) [25, 26].
También se han evaluado como agentes terapéuticos Omalizumab, (anti IgE) y Mepo-
lizumab (anti IL-5) mostréndose reducciones significativas de la accién alérgica por la
reduccion en la infiltracién de eosinéfilos y depésito de tenascina [27, 28]. También se
ha explorado el uso de antagonistas de TNF (infliximab) y aunque atn falta evidencia,
existen reportes aislados en donde en un estudio piloto se mostré mejoria pero no se
logré mantener la respuesta al tratamiento [29].

En los tltimos afnos se ha observado un aumento en las patogenias centradas en la via
de linfocitos TH2 con marcada participacion de la via TH22 y los ejes TH1/TH17
(proinflmatoria), disfuncién de la barrera epidérmica, el prurito y la senalizacién JAK/
STAT. Recientemente se ha aprobado el uso de Dupilumab -Duplixent - (anti IL-4/
IL-13) para la dermatitis de moderada a severa en adulto y adolescentes quedando
pendiente su aprobacién para nifos de 6 a 11 afios [30]. Se han evaluado también los
anticuerpos monoclonales tralokinumab y lebrikizumab (inhibicién de IL-13) Para el
tratamiento de la dermatitis atépica de moderada a grave en adultos y adolescentes a
partir de 12 anos de edad que son candidatos a tratamiento sistémico ain sin aproba-
ci6én para esta patologia a menores de edad [31, 32].

Recientemente la agencia europea del medicamento (EMA) ha aprobado el uso de los
inhibidores de la cinasa de Jano (JAK) baricitinib y upadacitinib en los afios 2020 y
2021 respectivamente para adultos y adolescentes lo que supone un avance en la cali-

dad de vida de los pacientes [33]

Hidrandenitis supurativa (HS)

Los agentes bioldgicos se utilizan cada vez mds en el tratamiento de HS de moderadaa
grave. Los inhibidores de factor de necrosis tumoral alfa (TNF-a) Adalidumab e Infli-
ximab actualmente son el segundo paso de tratamiento en caso de fracaso con el uso de
antibidticos y como bioldgicos de segunda linea se utilizan Anakirna, Canakinumab y

Usterkinumab [34, 35].

Adalimumab es el primer y tnico agente bioldgico hasta ahora aprobado por la FDA
y la EMA para la HS de moderada a severa, sin embargo, Infliximab se utiliza actual-
mente fuera de prospecto porque atin no ha sido aprobado por la FDA para su uso.
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Urticaria

Su tratamiento estd limitado al uso de antihistaminicos como estindar de oro, sin
embargo, con la aprobacién del Omalizumab (anti IgE) para la urticaria crénica idio-
patica, los riesgos del tratamiento con ciclosporina como son el dafio ranal, hiperten-
sidn e infecciones asociadas son raros. La efectividad con este anticuerpo monoclonal
en pacientes refractarios a antihistamina demostrd en un estudio de fase I que 11 de 12
pacientes responden al tratamiento y 7 de ellos resuelven completamente los sintomas
[36]. Rituximab, Adalimumab, Etanercept, Inflixumab y gamaglobulina endovenosa
también se han utilizado en urticaria crénica espontanea, pero ain se requieren estu-
dios clinicos controlados para demostrar su beneficio terapéutico [37].

Pénfigo

El tratamiento con Rituximab (anti CD20) es un anticuerpo monoclonal quimérico
que se une al receptor de superficie de los linfocitos B induciendo una lisis de los mis-
mos, su uso ha transformado el resultado terapéutico de esta enfermedad, disminu-
yendo su hospitalizacién y en su mayoria alcanzan la remisién. Los escasos pacientes
con Pénfigo vulgar (PV) y Pénfigo folidceo (PF) tratados sugieren que puede ser una
terapia valida para los enfermos refractarios a inmunosupresores [38, 39].

El Rituximab puede utilizarse como firmaco de primera linea en PV moderado y
severo junto con corticoides o como tratamiento de segunda linea en pacientes que
presenten falta de respuesta a otros inmunosupresores. Debe tenerse en consideracion
que debido al uso de este anticuerpo puede causarse reactivacién y muerte por hepatitis
B. Laincidencia de efectos adversos aumenta a medida que se aumenta la dosis y deberd
interrumpir la infusién [40, 41].

Alopecia areata

Se han reportado casos de pacientes que recibieron adalimumab y etanercept como
bloqueadores de TNF alfa, alefacept (anti CD2) o efalizumab (anti CD11) que inhi-
ben la activacién de linfocitos T, sin embargo, el papel de los bioldgicos en esta patolo-
gia atin es incierto [42, 43].

Recientemente se ha utilizado el tratamiento con tofacitinib (inhibidor de la JAK-
kinasa) con la intencién de controlar la cascada de citocinas para evitar la caida del
cabello y proponer su reparacion [44].

Pioderma g£angrenoso

El uso de anti-TNFalfa (Etanercept) estd indicado en pacientes con pioderma gangre-
noso [45] y artritis reumatoide disminuyendo las lesiones cutdneas y sus manifestacio-
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nes. Una alternativa mas de tratamiento para pioderma gangrenoso es el adalimumab,
un anticuerpo monoclonal humano que acttia contra TNF-a, bloqueando la interac-
cién a los receptores p75 y p55 del TNE fijando el complemento y produciendo lisis
de células que producen TNFalfa [46].

Se ha reportado el uso exitoso en el tratamiento con infliximab (anti TNF alfa) de
seis pacientes con esta patologia [47]. Es el tnico anticuerpo monoclonal que cuenta
con estudio aleatorizado controlado [48], se ha reportado ademds la utilidad del trata-
miento con terapia hiperbdrica [49].

Pitiriasis rubra pilaris

Aunque se desconoce el papel que juega el TNF alfa en esta patologia pero se ha suge-
rido que es importante [50], por lo que se han utilizado anticuerpos monoclonales
como parte del tratamiento, entre los que se encuentran infiximab, etanercept y adali-
mumab [3], en un estudio con 7 pacientes se demostrd la remisién completa después
del tratamiento con etanercept o infliximab [51, 52].

Los anticuerpos anti IL-IL12/IL-23 e IL-17 A (secukinumab y ustekinumab) han
demostrado ser efectivos y con respuesta rapida en pacientes con los tipos I y IT de esta

pitiriasis [53-55].

Los tratamientos biol6gicos son herramientas prometedoras en el tratamiento de esta
patologia, sin embargo, se necesitan ensayos clinicos para evaluar mejor su eficacia y

seguridad [56].

Sarcoidosis cutanea

En pacientes refractarios a corticosteroides han funcionado los antagonistas de TNF alfa
como son infliximab y adalimumab estos anticuerpos actian como agentes inmunosupre-
sores y los pacientes que lo reciben tendran un riesgo aumentado potencial de desarrollar
linfomas o reactivar tuberculosis preexistentes [57]. Sin embargo no se han realizado estu-
dios clinicos controlados para conocer su eficacia y seguridad para esta patologfa [58, 59].

Sindrome de Behcet (SB)

La inflamacién asociada con la enfermedad de Behceet se puede reducir mediante medi-
camentos que evitan que el sistema inmunitario ataque los tejidos sanos. El empleo de
firmacos anti-TNFalfa (infliximab, etanercept, adalimumab, rituximab) son la tltima
incorporacién al tratamiento del SB [60] para el caso de contraindicacidn, intoleran-
cia o fracaso de tratamientos previos con corticoides ¢ inmunosupresores. Pueden uti-
lizarse conjuntamente con agentes inmunosupresores [61]. Los efectos secundarios
podrian incluir dolor de cabeza, sarpullido en la piel y un mayor riesgo de infecciones.
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Otras patologias

El esténdar de oro para demostrar la eficacia de un tratamiento biol6gico son los estu-
dios aleatorios controlados para muchas enfermedades dermatolégicas y aunque los
tratamientos en padecimientos dermatolégicos son generalmente largos debido a su
naturaleza crénica, las indicaciones para el tratamiento a largo plazo con biolégicos
tales como adalimumab, etanercept, alefacept, efalizumab ¢ infliximab se han evaluado
en periodos muy largos y aunque las respuestas son variables, su uso ha demostrado
ser seguro y muy eficiente sobre todo en pacientes con psoriasis [62]. Sin embargo,
atin existen otras enfermedades que carecen de buenos tratamientos biolégicos como
son el liquen plano, lupus cutineo, reacciones de hipersensibilidad dérmica, esclero-
derma, dermatomiositis, granuloma anular, necrélisis epidérmica téxica, y el sindrome
SAPHO (del inglés Sinovitis Acne Pustulosis Hiperostosis Osteitis) [10, 17]. Esta
situacién puede entenderse por la ausencia de autorizacién del uso de estos productos
por la falta de resultados satisfactorios en términos de eficacia y seguridad [63].

Anticuerpos Biosimilares en dermatologia

A pesar de que los mAb son una opcién terapéutica muy prometedora, su costo de pro-
duccién y desarrollo hace que su acceso esté limitado, sobre todo en paises en desarro-
llo, por este motivo, su introduccién en el mercado farmacéutico se ha visto favorecida
como medicamentos biosimilares [64, 65].

Los biosimilares se definen como productos bioldgicos similares, pero no idénticos
a los productos de referencia, no son considerados como versiones genéricas de pro-
ductos innovadores. A diferencia de los genéricos que deben no solamente probar su
bioequivalencia, los biosimilares deben someterse a estudios clinicos comparativos de
farmacocinética y farmacodinamia (Fase I) y de eficacia comparativa (fase III) [66].

El desarrollo de medicamentos biosimilares difiere en el proceso de elaboracién como
productos innovadores que son reconocidos por las agencias regulatorias como son
la Agencia Europea del Medicamento (EMA) y la Food and Drug Administration
(FDA). El registro de estos productos implica una nueva reglamentacién sobre medi-
camentos genéricos que no es aplicable a este tipo de moléculas ya que la bioequiva-
lencia se hace con productos obtenidos por sintesis quimica y esto no es apropiado
para los productos biolégicos-biotecnolégicos debido a su complejidad y a su origen
ya que provienen generalmente de material genético implantado en organismos vivos
mediante tecnologia de ADN recombinante. Por tanto, la validacién y estandarizacién
de ensayos serd crucial en un futuro para su regulacién [64, 67].

Actualmente se han aprobado 9 biosimilares por la EMA para la psoriasis en placa
y para la hidradenitis supurativa: Amgevita, Solymbic, Cyltezo ¢ Imraldi (sustancia
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activa Adalimumab), Benepali y Erelzi (sustancia activa Etanerecept), Flixabi, Inflectra
y Remsima (sustancia activa Infliximab) [63].

El dermatélogo tiene que tener en cuenta varios factores a la hora de elegir un trata-
miento para un paciente, entre los que se encuentra la situacién y respuesta clinica, los
efectos secundarios que pueden aparecer, y el coste. En funcién de una valoracién de
todo ello, el especialista elige la mejor opcidn.

Lesiones cutdneas asociadas con el uso de anticuerpos monoclonales

El uso anticuerpos monoclonales como antagonistas del TNF que es el producto biolé-
gico mas utilizado para controlar las respuestas inflamatorias caracteristicas de diversas
patologias dermatoldgicas, ha demostrado causar el desarrollo de lesiones en piel como
su 6rgano blanco para reacciones secundarias para este tipo de productos, ademds de
que su uso favorece que se presente mayor susceptibilidad de enfermedades autoin-
munes, cancer e infecciones como efectos adversos lo que conduce a la suspension del
tratamiento. Por tanto, se debe analizar la administracién de estos productos aprove-
chando la experiencia del dermatdlogo para determinar las ventajas terapéuticas del
producto contra sus efectos secundarios [68]

Discusion

El avance del conocimiento de los procesos celulares, que van, desde la identificacion de
las moléculas de superficie y sus ligandos, que al ser activadas, generan la sefales intra-
celulares que permiten la expresion de genes que conducen entre otras funciones a la
supresion o activacion del sistema inmunitario. Con esta premisa, se han desarrollado
anticuerpos monoclonales (mAb) que poseen una elevada capacidad de unién espe-
cifica a una gran cantidad de moléculas, gran afinidad y estabilidad y homogeneidad
estructural, por estas razones, se ha propuesto su uso como posibles candidatos para la
terapéutica y el diagndstico.

Entre sus principales mecanismos de accién de los mAb se encuentran: a) Bloqueo de
respuestas inhibiendo a los mediadores solubles (citocinas), b) Unidn a antigenos tumo-
rales para ser identificados y destruidos por células inmunocompetentes, c) Induccién de
respuestas apoptdticas, d) Transporte de sustancias radioactivas o citostdticas y ¢) Poten-
ciacion de la respuesta inmune de linfocitos T por el reconocimiento de sus marcadores

CD40 CD137,y CTLA-4 o de linfocitos B como el CD19 entre otros [69].

Gracias a esta diversidad de funciones y su alta especificidad, se han desarrollado varias
estrategias metodoldgicas para obtener diversos disefios de mAb de diferente origen,
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entre ellos: murinos, quiméricos, humanizados y completamente humanos para lograr
evitar los posibles riesgos de inmunogenicidad que llevan a la pérdida de su actividad
(neutralizacidn) o bajar su permanencia en el organismo (aclaramiento). Y, aunque la
terapéutica basada en mAb es un drea en constante crecimiento, la tecnologia recom-
binante ha permitido la obtencién de moléculas cada vez més estables y menos inmu-
nogénicas que se han utilizado en distintas dreas de la Medicina principalmente en
hematologia, oncologia y enfermedades del sistema inmune [16] y, por ende la derma-
tologia ha buscado en estos productos bioldgicos opciones terapéuticas a varias patolo-
gias hiperinflamatorias.

Sin embargo, a pesar de los grandes avances en ensayos clinicos y del uso de productos
biofarmacéuticos en dermatologfa, la informacion a la fecha atn es incompleta e insa-
tisfactoria ya que faltan estudios clinicos y atin existen muchas enfermedades dermato-
l6gicas sin este tipo de tratamientos, en parte porque estos productos no son eficientes,
su costo es excesivo, presentan reacciones secundarias/adversas o debido a que su admi-
nistracién debe aplicarse por via IV bajo supervision médica.

CONCLUSION

Debido a que el nivel de evidencia experimental y clinica para el uso de anticuerpos
monoclonales en varias patologias dermatolégicas es muy bajo, la mayoria de estos pro-
ductos bioldgicos no han sido aprobados por las instancias regulatorias por no contar
con estudios controlados o por no demostrar la eficacia y seguridad requeridas, por lo
que muy pocos son los anticuerpos monoclonales que aparecen en el Vademécum para
uso dermatoldgico. De ahi la importancia de presentar los avances de los resultados de
diferentes ensayos clinicos que podrian ser candidatos ttiles en la terapéutica derma-
toldgica. Sin embargo, el anlisis costo-beneficio aunado a la creciente evidencia de
resultados de los ensayos clinicos se espera que més adelante este tipo de productos sean
considerados como opciones terapéuticas o en combinacién con las terapias tradicio-
nales en los que el tratamiento convencional fracasa o crea una morbilidad importante
en los pacientes. Por tanto, se espera que el desarrollo y uso de estos productos biotec-
noldgicos logre a futuro que el tratamiento de padecimientos dermatolédgicos permita
alcanzar la medicina personalizada [70],
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SUMMARY

Introduction: The quality of surface and groundwater and associated public health
issues have not received the attention it deserves among the communities within
the vicinity of Gosa dumpsite, Abuja, Nigeria. Aim: To assess the physicochemical
quality and potential health risks of heavy metals in drinking water resources
around the Gosa dumpsite, Abuja, Nigeria. Methodology: Analysis of total
dissolved solids and dissolved oxygen was done using the gravimetric method
and azide modification of Winkler’s method respectively. Sulphates, nitrates
and fluorides concentrations were determined by UV/Vis spectrophotometric
methods. Chlorides were determined by argentometric method. Carbonates were
analysed using titrimetric method while analysis of metal concentrations was by
atomic absorption spectrophotometer. Results: The mean levels of turbidity, DO,
Fe, Pb, Cd, As, Cr and Mn exceeded the maximum permissible limits. Among all
the metals in this study, Fe, Pb, Cd, Cr, Ni, and Mn had metal indices greater than
1.0 in both surface water and groundwater while the water quality index (WQI)
exceeded the threshold value of 100. The mean hazard quotient for Pb, Cd and As
exceeded one, while hazard index (HI) was higher than threshold value (1.0) in all
the metals evaluated indicating associated potential chronic health risks. The study
revealed that incremental lifetime cancer risks for Cd, As, Cr and Ni were higher
than the acceptable safe limits (< 1 x 10*). Conclusion: The higher water index of

water revealed that water was polluted and unsafe for drinking. Incremental lifetime
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cancer risks for Cd, As, Cr and Ni exceeded the safe limits (< 1 x 10*), indicating a
potential cancer risk associated with ingestion of these carcinogenic metals through

consumption of water by adult population.

Keywords: water quality index, hazard quotient, hazard index, incremental lifetime

cancer risks

RESUMEN

Evaluacién de la calidad del agua y los riesgos para la salud de los
metales en las proximidades del vertedero de Gosa, Abuja, Nigeria

Introduccién: La calidad del agua superficial y subterrédnea y los problemas de salud
publica asociados no han recibido la atencién que merece entre las comunidades
cercanas al vertedero de Gosa, Abuja, Nigeria. Objetivo: Evaluar la calidad
fisicoquimicaylos riesgos potenciales parala salud de los metales pesados en los recursos
de agua potable alrededor del vertedero de Gosa, Abuja, Nigeria. Metodologia: El
andlisis de so6lidos disueltos totales y oxigeno disuelto se realizé mediante el método
gravimétrico y modificacién con azida del método de Winkler respectivamente.
Las concentraciones de sulfatos, nitratos y fluoruros se determinaron mediante
métodos espectrofotométricos UV/Vis. Los cloruros se determinaron por el método
argentométrico. Los carbonatos se analizaron mediante el método titrimétrico mientras
que el analisis de las concentraciones de metales se realizé mediante espectrofotémetro
de absorcién atdmica. Resultados: Los niveles medios de turbidez, DO, Fe, Pb, Cd,
As, Cry Mn superaron los limites maximos permisibles. Entre todos los metales en este
estudio, Fe, Pb, Cd, Cr, Ni y Mn tuvieron indices metélicos superiores a 1,0 tanto en
aguas superficiales como subterrdneas, mientras que el indice de calidad del agua (ICA)
superd el valor umbral de 100. El peligro medio El cociente de Pb, Cd y As superd uno,
mientras que el indice de peligrosidad (HI) fue superior al valor umbral (1,0) en todos
los metales evaluados, lo que indica posibles riesgos crénicos asociados para la salud. El
estudio reveld que los riesgos incrementales de cdncer alo largo de la vida para Cd, As, Cr
y Ni eran superiores a los limites de seguridad aceptables (< 1 x 10). Conclusién: El
indice de agua mds alto revelé que el agua estaba contaminada y no era apta para beber.
Los riesgos incrementales de cincer alo largo de la vida para Cd, As, Cry Ni excedieron
los limites seguros (< 1 x 10*), lo que indica un riesgo potencial de cdncer asociado con
la ingestién de estos metales cancerigenos a través del consumo de agua por parte de la

poblacién adulta.

Palabras clave: indice de calidad del agua, cociente de peligro, indice de peligro,

riesgos incrementales de cdncer a lo largo de la vida



Water quality and health risk assessment of metals

REsuMmoO

Avaliagao da qualidade da dgua e do risco 4 satide de metais nas
proximidades do lixao de Gosa, Abuja, Nigéria

Introdugio: A qualidade das 4guas superficiais e subterrineas e as questoes de satide
publica associadas nao tém recebido a ateng¢io que merecem entre as comunidades
nas proximidades do lixdo de Gosa, Abuja, Nigéria. Objetivo: Avaliar a qualidade
fisico-quimica e os potenciais riscos para a saide dos metais pesados nos recursos de
dgua potével em torno do lixao de Gosa, Abuja, Nigéria. Metodologia: A andlise do
total de sdlidos dissolvidos e oxigénio dissolvido foi realizada utilizando o método
gravimétrico e a modificagio da azida do método de Winkler, respectivamente. As
concentragoes de sulfatos, nitratos ¢ fluoretos foram determinadas por métodos
espectrofotométricos UV/Vis. Os cloretos foram determinados pelo método
argentométrico. Os carbonatos foram analisados pelo método titulométrico
enquanto a andlise das concentragoes metalicas foi realizada por espectrofotdmetro
de absorcio atdmica. Resultados: Os niveis médios de turbidez, OD, Fe, Pb, Cd,
As, Cr e Mn ultrapassaram os limites maximos permitidos. Entre todos os metais
neste estudo, Fe, Pb, Cd, Cr, Ni ¢ Mn apresentaram indices metédlicos superiores
a 1,0 nas 4guas superficiais e subterrineas, enquanto o indice de qualidade da 4gua
(IQA) excedeu o valor limite de 100. O perigo médio o quociente para Pb, Cd ¢ As
excedeu um, enquanto o indice de perigo (HI) foi superior ao valor limite (1,0) em
todos os metais avaliados, indicando potenciais riscos cronicos a satide associados. O
estudo revelou que os riscos incrementais de cancro ao longo da vida para Cd, As, Cr
e Ni foram superiores aos limites de seguranca aceitdveis (< 1 x 10*). Conclusao:
O indice hidrico mais alto da dgua revelou que a 4gua estava poluida e imprépria
para beber. Os riscos incrementais de cincer ao longo da vida para Cd, As, Cr ¢ Ni
excederam os limites seguros (< 1 x 10*), indicando um risco potencial de cincer
associado A ingestao destes metais cancerigenos através do consumo de dgua pela

populagio adulta.

Palavras-chave: indice de qualidade da dgua, quociente de perigo, indice de perigo,

riscos incrementais de cAncer ao longo da vida

INTRODUCTION

Surface water and groundwater pollution has constituted serious public health con-
cerns in suburban and urban areas of most developing countries including Nigeria [1].

69



Joseph Omada, Emeka Chima Ogoko, Henrietta Kelle, Gideon Yomi

This is a consequence of increasing population explosion or growth, and unauthorized
discharge of untreated sewage and industrial effluent. Surface and groundwater adja-
cent to waste disposal sites are at risk of being contaminated. Pollutants are washed
into surface water or leached into groundwater through the aquifer, thereby contami-
nating these water resources [2, 3]. Municipal solid waste is generated in most cities of
Nigeria due to increasing consumption of household resources, solid wastes, hazardous
wastes, radioactive wastes, agricultural and sewage [4]. Solid waste management has
become one of the most persistent environmental challenges faced by mainly the urban
areas in Nigeria. With an estimated population of over 200 million, Nigeria appeared
to be the greatest producer of solid waste in Africa [5-7]. Municipal waste disposal
methods in Nigeria comprise open dumping, open burning, incineration, unregulated
landfills, composting, and dumping into drain channels, streams and rivers. The most
common method of municipal waste disposal in Nigeria is the open dumps consisting
of open holes or fields on the ground where trash, inert and recyclable and non-recycla-
ble wastes are dumped. Burning of wastes controls bacterial activities and is an effective
weight volume reduction method, but a vast source of air pollutants [8].

Groundwater and surface water are the main source of water for drinking and other
domestic purposes without any form of treatment in most urban and sub-urban regions
in Nigeria [9]. This is partly because the removal of pollutants in water followed a
somewhat complex process in addition to the high cost involved [10-14]. There is a
community of residents that live in the Gosa dumpsite which depends on shallow wells
for drinking water. Also, inhabitants leaving adjacent to the solid waste disposal sites
called Jiyita drink water from a lake that drains from the dumpsite and three boreholes
[5, 15]. Heavy metals could impact the water quality within the communities; hence it
becomes expedient that there should be periodic monitoring.

The present study was designed to determine the levels of physicochemical proper-
ties and concentrations of eleven heavy metals in drinking water (surface water and
groundwater) within the vicinity of the Gosa dumpsite and to evaluate the health risks
associated with the oral ingestion of heavy metals. The outcome of this research will
make available some awareness of the degree of heavy metal pollution in the water
resources at Gosa for the relevant authorities to proffer mitigation measures.

METHODS

Study area

Samples were collected in March 2022 within vicinity of the Gosa dumpsite and Jiyita
village. The sampling stations were accessed through Idu -Airport Road in Abuja. The
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Gosa dumpsite is located off the Nnamdi Azikiwe Airport Road, Abuja within coordi-
nates N09° 01.270° E007° 19.59” and N09° 01 173’ E007° 20.510. The sample descrip-
tion and the map of the study area are shown in Table 1 and Figure 1 respectively.

Table 1. Description of sample locations, coordinates and elevation

Sample Coordinates of sample locations )
D : . Elevation (m)
Latitude Longitude
SW1 N09°01 32.7° E007°20 15.5 391
SW2 N09°01 20.7° E007°2019.6’ 378
SW3 N09°01 11.1° E007°2021.8 376
SDP1 N09°01 10.8° E007°2021.9° 373
SDP2 N09°01 15.3’ E007°20 12 390
JL1 N09°01 08.8° E007°2007.5 392
JL2 N09°01 08.8 E007°2007.6° 400
BH1 N09°01 43.1° E007°2012.9 414
BH2 N09°01 00° E007°20 4.2’ 392
BH3 N09°01 00’ E007°206.7 385
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Figure 1. Location map of Gosa dumpsite, Abuja Nigeria
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Sample collection and pre-treatment

A total of twenty water samples were collected from the study area during the dry
season in March 2022. These include fourteen (14) surface water and six (6) ground-
water samples. Three (6) surface water samples (SW1, SW2, SW3, SW4, SW5 and
SW6) were collected from the flowing stream within the waste dumpsite at different
points of almost equal intervals, starting from its source. Four (4) other surface water
samples two each from (SDP1 and SDP2) were collected from very shallow hand dug
just besides the flowing stream, while the last two (2) surface water samples (JL1 and
JL2) were collected from a minor lake in Jiyita community. The groundwater samples
were from one borehole within the perimeter of the waste dumpsite, and two different
boreholes within the Jiyita community which is located at the western flank behind
the dumpsite fence. The water samples were collected at the same time in a clean 2 litre
transparent sample container. The residence time of borehole water in the overhead
tank was less than 24 hours for each sample at the time of collection. Physical param-
eters such as temperature, pH, electrical conductivity, total dissolved solids, and dis-
solved oxygen were measured in Insitu, in triplicate using the appropriate instrument.
The samples were then transported to the laboratory and stored at 4 °C before analysis.

Data Analysis
Metal Index

The metal index was calculated from the formula in equation 1 [16].
c
MI= X e (1)

where, M1 is the metal index; C is the concentration of each element in solution; MAC
is the maximum of allowed concentration of each element. A metal index of less than
1.0 implies no pollution while a metal index greater than 1.0 revealed that pollution
has occurred concerning that metal.

Water Quality Index (WQI)

The computed water quality index evaluates the suitability of water for drinking pur-
poses; hence the formulae below were used to calculate the water quality rating scale,

relative weight and Water Quality Index (WQI) respectively [16].
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The water quality rating and water quality index were computed from the formula in
equation 2 and 4 respectively [16, 17].

qi =5 x 100 (2)

Where gi, Ci, and Si denote the quality rating scale for parameter i, concentration for
parameter i and the standard value of i parameter correspondingly. The relative weight
was calculated thus;

wi=i 5
Lastly, the water quality index was computed thus;
WQI = Yqiwi/Swi (4)

Health risks assessment

Estimated daily intake, Hazard quotient (HQ), Hazard index, and Incremental life-
time cancer risk were calculated with the formula below to access the health risks
through ingestion of water.

Estimated daily intake

The estimated daily intake (mg/kg/day) is calculated with the formula in equation 5
[17, 18].

CR
EDI = - x IR (5)

where CR is the metal concentration, IR and BW signify the daily water consump-
tion rate and the mean body weight of Nigerians respectively. 64 kg and 2.0 L were
the average body weights of Nigerian adults and the daily ingestion rate through oral
consumption of water in adult Nigerian respectively [19].

Hazard quotient (HQ)

Non-carcinogenic health risks of heavy metals were assessed by calculating the HQ
120, 21].

HQ = 1o (6)

RfD
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where RfD refers to oral reference dose which is the estimated maximum permissible
health risk related to daily human consumption or contact with heavy metals. RfD
can be expressed in mg/kg/day [17, 18]. The collective effects of more than two heavy
metals on the potential human health risk is called hazard index (HI). HI is calculated
with the formula in equation 7 [15-18].

HI = ZHQ 7)

HI <1, indicates no potential health risk, whereas HI >1 indicates potential chronic

health risk [15-18].

Carcinogenic risk

An index that is appropriately used to evaluate the carcinogenic risk is the incremental
lifetime cancer risk [15-18]. Incremental lifetime cancer risk (ILCR) is expressed with
the formula in equation 8 [22, 23].

ILCR = CDI x CSF (8)

where CDI is the chronic daily intake of carcinogenic chemical substances (mg/kg
bw/day). CSF is the cancer slope factor, which is estimated with the formula in equa-
tion 9 [22, 23].

EDIXEFx ED <9)

But, CDI ===

where, EF is the exposure frequency in days/year (365 days per year), ED is the expo-
sure duration in years or life expectancy. The life expectancy for adult Nigerians is 54
years [24]. AT is the average time or period of exposure which is 365 days per year
multiplied by 54 years (19,710 days.) while CF is the correction factor [25].

Determination of physicochemical properties

Triplicate values of the physicochemical parameters were measured using the appropri-
ate instruments and the mean of each was recorded.

Analysis of pH and temperature

The pH of the water samples was measured on the sampling spot with the aid of
PHS-25 Laboratory Water pH Meter. Prior to the measurement, the pH meter was
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recalibrated with buffer solutions of pH 4 and 9 respectively. The pH meter was used
to measure the temperature while 110°C mercury thermometer was used to validate all
temperature readings.

Electrical Conductivity

A high-powered microcomputer conductivity meter JENWAY 40710 model HI 9032
with a degree of accuracy of 0.01 was used to measure the conductivity of the water
samples in situ. The instrument was initially calibrated using standard solution of con-
ductivities 500 us/cm and 1500 ps/cm. Duplicate values were taken and units were in
microsiemens per centimetre.

Total dissolved solids (TDS)

Analysis of TDS was performed by gravimetric method according to the American
public health association [26]. 20 cm?® of sample was filtered into a clean pre-weighed
100 cm? beaker and dry to a constant weight in the oven set at 105 °C and TDS was
obtained by weight difference relating it to sample volume.

Dissolved Oxygen (DO)

Dissolved Oxygen (DO) was measured by azide modification of Winkler’s method using
Hanna 83200 multiparameter [27, 28]. The sample was filled in a 60 mL glass bottle and
5 drops of reagent A (HI 93732A-0) and 5 drops of B (HI 93732B-0). The bottle was
then covered and inverted severally. The orange yellow solution was allowed to stand for
two minutes followed addition of 10 drops of HI 93732C-0 and inverted severally until
flocculent dissolved completely. The prepared sample was transferred into the cuvette
and DO was measured after untreated water sample was used to zeroed the meter.

Turbidity

Turbidity of the water samples was measured in situ with a microprocessor turbidim-
eter JENWAY 3071, model HI93703 (0.0001 degree of accuracy). The instrument
was first calibrated by dipping the probe into standard solution with turbidity values of
0.00 and 10.00 Nephelometric Turbidity Unit (NTU) before measuring the turbidity

values of the samples.

Sulphate

Sulphate determination was by the turbidimetric method in which sulphate is con-
verted to barium sulphate suspension and the resultant turbidity was then measured
using a spectrophotometer at 420 nm and compared with standard curved prepared
from standard sulphates solution.
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Nitrates

The concentration of nitrates was determined by spectrophotometric method [29,
30]. 50 ecm® of water sample was acidified with IN HCl in a 100 cm?® volumetric flask
and mixed thoroughly followed by the addition of 0.5 cm?® of brocine-sulfanilic acid
and heating in a water bath for 25 minutes. After cooling, the absorbance was read at
410nm including the blank using the Shimadzu UV-visible spectrophotometer (UV-
180 series). This procedure was repeated on the standard solutions for preparing stan-
dard calibrations.

Phosphates

Analysis of phosphate was done by the molybdenum blue method [31, 32]. 10 cm?
of each of the standards, blank and samples were measured into a test tube. 2 cm? of
combined reagent were added to the standards, blanks and samples. 1 drop of phenol-
phthalein indicator was added to the solutions upon which pink colour develops and
SN sulfuric acid was added drop wise to discharge the colour. Ten minutes was allowed
to elapse, after which absorbance of each solution was measured at 880 nm on a UV-
Vis spectrophotometer.

Chloride

Chloride in water was determined using the argentometric method involving titration
of the sample against a silver nitrate indicator [33]. 25 cm? water sample was trans-
ferred to 250 cm?® conical flask and 1 cm? potassium dichromate solution was added.
The solution was titrated from yellow to brick red using 0.001N silver nitrate. Chlo-
ride ion was calculated as follow:

CI” (mg/L) = 2=2X2%% 1000 (10)

Floride

A Shimadzu UV-visible spectrophotometer (UV-180 series)) was used to measure the
absorbance of the sample. 1.0 ppm fluoride stock solution was prepared by dissolving
2.22 gof dried sodium fluoride in 1 L of deionized water. A range of calibration stan-
dards were prepared by serial dilution to determine fluoride levels. 0.12 g Eriochrome
Black T was used to prepare 0.001 M dye solution. Flouride concentration was then
determined at wavelength of 535 nm and results were comparable to that obtained
using HI83200 multiparameter with 2 mL of HI 93729-0 SPADNS reagent on the
same water sample in the central laboratory.
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Carbonate and bicarbonates

The levels of carbonate and bicarbonates in water were determined by the titrimet-
ric method. Carbonates was determined titrimetrically by transferring 25 mL of the
water into 250 mL conical flask, followed by addition of 2 drops of phenolphthalein
and followed by addition of sample 0.1 M sulfuric acid using burette until the disap-
pearance of pink colour which signalled end point for carbonate. Bicarbonates was
determined by repeating the same titration steps except usage of methyl orange which
change colour from yellow to pink at neutralization point. Amount of carbonate and
bicarbonate in mg/L was determined.

Determination of metal ions

The method described by the Association of Official Analytical Chemists (AOAC)
was used for metal analysis [34]. The samples were digested by boiling with 10 mL of
20% hydrochloric acid in a beaker and then filtered into a 100 mL standard flask. This
was made up to the mark with deionized water. The concentrations of. Na, K, Ca, Mg,
Fe, Pb, Cd, As, Cr, Cu, Co, Ni, Zn, Mn, and Hg were measured at 589, 766.5, 422.7,
285.2,248.3, 217, 228.8, 193.7, 357.9,324.8, 240.7, 232, 213.9, 279.5 and 253.7 nm
respectively, using atomic absorption spectrophotometer (Agilent 280FS AA) with a
hydride generator. Both calibration and rinse blanks were used to establish calibration
curve and flush atomic absorption spectrophotometer between samples and standards
respectively. The blanks were prepared under the same sample preparation procedure
as the samples. The AAS instrument was set to automatically recalibrate after each
five sets of samples analysed, while triplicate measurements were done and the mean
value of each metal was recorded in order to enhance the reliability and reproducibility
of measurements. All reagents used were of analytical grade. The atomic absorption
spectrophotometer functioned under optimal conditions such as measurement mode
(integrated), Slit with (0.5 nm), gain (57%), lamp current (10.0 mA), flame type (air/
acetylene), air flow (13.5 L/min), acetylene flow (2.0 L/min), burner height (13.5mm),
measurement time (10.0 seconds), while the detection limit was of 0.001 ppm.

Method validation for metal analysis

Samples were spiked with 0.5 mg/L of standard solutions of the respective metals
before digestion in order to establish the accuracy of the analysis. Spiked samples were
subsequently exposed to similar analytical conditions as the test sample. Percentage
recovery was then calculated using the equation below:
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Concentration of spike sample—Concentration of unspiked sample
% Recovery = P P P P (l 1)

Actual spike concentration

Recovery percentages of results for Na*, K, Ca**, Mg**, Fe**, Pb**, Cd*, As**, Cr**,
Cu?*, Co*, Ni**, Zn**, Mn**, and Hg?* ranged from 91 — 102 %.

RESULTS AND DISCUSSION

The results for geochemical properties of both surface water and groundwater samples
from Gosa Dumpsite and its environs are presented in Table 2. The pH of surface
water (Table 2) ranged from 6.20+0.10 to 7.10+0.01 with a mean value of 6.7740.01
while the pH of groundwater (Table 2) ranged from 6.30+0.12 to 8.20+0.03. The
pH of both surface and groundwater samples was within the recommended standard
limit (6.5-8.5) for drinking water [35]. The results were similar to that of Longe and
Balogun who reported groundwater samples’ pH, mostly within the acidic range,
with a mean value of 6.62 which falls within the permissible WHO standard [36].
Also, pH values that ranged from 6.0 to 6.9 were reported by Saheed ez al. [37] which
correspond to values obtained in this study. As earlier observed by Daniel ez 4/. [38],
low pH values of natural water sources may be attributed to the first stage of leachate
formation. The levels of TDS in surface water ranged from (110+0.15 to 2000+1.02)
mg/L with a mean value of 939.29+0.53 mg/L. Shallow well water samples, SW1,
SW2 and SW3 recorded higher values of TDS above recommended standard limit
of 1000 mg/L. Total dissolved solids in groundwater samples ranged from (196+0.60
to 562+0.12) mg/L with an average value of 321+0.31 mg/L. TDS is a measure of
the aggregate dissolved content of all organic and inorganic substances existing in a
liquid. TDS level less than 600 mg/L is typically believed to be optimal for portable
water but at TDS levels higher than 1000 mg/L water gradually becomes unpalatable.
Water samples with lower or higher values of TDS may exhibit a characteristic insipid
taste or objectionable mineral taste respectively. Excessive scaling in heaters, boilers
and water pipes has been attributed to very higher levels of total dissolved solids in
water. The electrical conductivity (EC) of surface water ranged from (0.15+0.01 to
3.7240.01) uS/cm with a mean value of 1.5740.02 uS/cm, while that of groundwater
ranged from (0.2740.02 to 0.7840.06) uS/cm with an average value of 0.4540.03 puS/
cm. The mean electrical conductivity of surface water in this study was higher than
that of groundwater but values were well below the standard recommended limit
(1000 uS/cm), indicating that the contaminating species do not adversely affect the
electrical conductivity, maintaining it at permissible values [39]. Saheed ez al. [37],
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reported mean electrical conductivity (409 pS/cm) which was higher than the range
of values in the present study but was within WHO’s Standard Maximum Permissible
limits. Similarly, the mean electrical conductivity (199.4 pS/cm) reported by Oyelami
et al. [40] was higher than the result in the present study but falls within WHO/SON

maximum permissible limits.

The amount of dissolved inorganic and organic substances as well as pH determine toa
greater extent the electrical conductivity of water [41]. The temperature of surface water
and groundwater ranged from (29.60+0.12 to 32.3040.10) °C and from (31.10+0.07
to 32.7040.02) °C, respectively, but it was within the ambient temperature. The level
of turbidity (Turb) in surface water varies between samples while the minimum and
maximum levels of turbidity were 12.0+0.05 NTU and 17540.06 NTU respectively.
In groundwater, turbidity ranged from (0.5+0.01 to 1.0+0.01) NTU with an aver-
age value of 0.67+0.01 NTU in groundwater. The levels of turbidity in groundwater
samples were lower compared to surface water samples, however, values of turbidity in
surface water were higher than 5 NTU recommended by standard organizations [42].
Turbidity is the degree of cloudiness of water brought about by suspended particles
such as clay, silts, chemical precipitation of manganese and iron, organic particles and
organisms [42]. High levels of turbidity affect the clarity of water to transmit light and
consequently reduce the acceptability of drinking water. The surface water samples are
therefore polluted concerning turbidity.

The levels of dissolved oxygen (DO) and biochemical oxygen demand (BOD) in
surface water ranged from (4.35+0.04 to 5.55+0.10) mg/L and from (2.95+0.05
to 3.8840.10) mg/L, respectively. Dissolved oxygen in groundwater ranged from
(5.54£0.11 to 5.66+0.06) mg/L with a mean value of 5.59+0.09 mg/L, while from
(2.85+0.05 to 2.95+0.05) mg/L was the range for levels of biochemical oxygen
demand. DO level of 5.0 is recommended and suitable for the survival of aquatic life
[35]. The DO level for SW1-SW3 and SDP2 in surface water and all the groundwater

samples were slightly higher than the permissible limit but may not constitute any seri-

ous health hazard.

The metal concentrations in both surface water and groundwater are shown in Table 2.
Sodium ion (Na*) concentrations ranged from (9.45+0.14 to 10.54+0.10) mg/L with
a mean value of 9.0940.08 mg/L in surface water whereas, in groundwater, sodium
recorded a maximum concentration of 8.29+0.05 mg/L (BH3) and a minimum level
of 7.39+0.03 mg/L (BH1). These results correspond to the mean concentration of
11.75 mg/L reported in groundwater within the vicinity of a dumpsite in Ibadan Nige-
ria [40]. The concentrations of sodium in surface water were generally higher than
that of groundwater but lower than the provision guideline level (200 mg/L) recom-
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mended by the World Health Organisation [42], indicating that the two categories of
water samples were not polluted concerning sodium metal. Sodium is a beneficial ele-
ment that enhances plant growth in a good number of ways but may not be very neces-
sary for the accomplishment of the life cycle for such plants. The levels of potassium ion
(K*) in surface water ranged from (0.0540.00 to 0.2940.02) mg/L with an average value
of 0.15+0.01 mg/L. Sample BH3 had the least concentration of potassium (0.05+0.01
mg/L) while BH1 recorded the highest concentration (0.15+0.01 mg/L) in groundwa-
ter. Surface water had slightly higher levels of potassium compared to groundwater but
the difference is not highly significant.

The concentrations of potassium in both groundwater and surface water were much
lower but within the maximum recommended limits of 200 mg/L in drinking water.
This result appeared to be lower than those reported which varied from 1.04 to 24.41
with an average value of 5.66 mg/L [40]. The slightly higher concentration of potas-
sium was attributed to the underlying geology of the study area [40]. Potassium is
an essential element that is absorbed by plants roots and is required for the accom-
plishment of plants’ life cycle and growth. The concentrations of calcium ion (Ca**)
in surface water ranged from 0.04+0.01 - 0.6740.02 mg/L with an average value of
0.2740.02 mg/L while the levels of Ca®* in groundwater ranged from (0.02+0.01 to
0.1240.01) mg/L and a mean value of 0.064+0.01 mg/L. The concentrations of Ca?*
were lower than the maximum recommended limits (75 mg/L) in drinking water, indi-
cating that all the water samples were unpolluted concerning Ca?*. The minimum and
maximum concentrations of Mg** in surface water were 0.99+0.12 mg/L (SW2) and
1.1940.02 mg/L (SDP1) respectively. Similarly, in groundwater the concentrations of
Mg** ranged from (0.9840.04 to 1.16+0.01) mg/L whereas BH1 and BH2 had the

lowest and highest levels respectively.

The concentration Mg** was lower than 20 mg/L and 50 mg/L maximum permissible
limits recommended by World Health Organisation and Nigeria’s industrial water
standard for drinking water respectively [42, 43]. These results for Ca** and Mg**
correspond with those of Adeyemo ez al. [44], with mean Ca?* and Mg** concentra-
tions of 23.42 mg/L and 4.39 mg/L respectively. The concentration of Fe ranged from
(0.82+0.07 to 2.76+0.04) mg/L in surface water with an average value of 1.22+0.06
mg/L, whereas a concentration range of (0.77£0.03 to 2.06+0.02) mg/L was recorded
for Fe in groundwater. These values appeared to be higher than the provisional guide-
line value of 0.3 mg/L proposed by the World Health Organization [42] and the max-
imum permissible limit of 0.3 mg/L recommended by Nigeria’s standard for drinking
water quality [43]. This result corresponds to a range of 0.00 to 1.36 with an average of
0.23 mg/L reported for groundwater within the vicinity of the refuse dump in Ibadan
Nigeria [40]. The concentrations of lead in surface water vary from minimum and maxi-
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mum values of 0.2940.05 mg/L to 0.41+0.01 mg/L with an average value (0.3340.03
mg/L) respectively. However, for groundwater samples, the concentrations of Pb ranged
from (0.49+0.05 to 0.56+0.02) mg/L with a mean value of 0.51+0.05 mg/L.

Interestingly, the concentrations of Pb in all the samples evaluated in this study were
higher than WHO maximum permissible limits. This is a strong indication that both
surface water and groundwater samples were polluted concerning lead and may not
be safe for drinking. The enrichment of lead is similar to the results of Adelekan and
Abegunde [45] and Saheed ez 4l. [37]. The high lead concentrations may be associ-
ated with the combustion of fossil fuel, dumping of metal products rich in lead, cos-
metics and waste batteries which has leached into the soil. Cadmium concentrations
in surface water vary from one sample to the other but ranged from (0.0640.01 to
0.2240.05) mg/L with an average value of 0.10+0.03 mg/L. Similarly, the cadmium
concentrations in groundwater samples ranged from (0.11£0.01 to 0.204+0.02) mg/L
with an average value of 0.16+0.02 mg/L. These values were higher than WHO guide-
line values of 0.003 mg/L for drinking water, indicating a higher level of pollution of
the groundwater and surface water in the study area [46]. The high concentration of
Cd** is similar to the results of Saheed ez 4l. [37]. Which may be attributed to leachate
from agricultural farmland within the vicinity of the dumpsite where phosphate fertil-
izer may have been used.

The bioavailability or adsorption of cadmium compounds depends largely on the solu-
bility of the compounds. Cadmium bioaccumulates in the kidney which is its primary
target organ for toxicity and is classified as probably carcinogenic to humans (Group
2A) by International Agency for Research on Cancer (IARC) [47]. The concentra-
tion of arsenic (As®*) in surface water samples was below the detection limit while
that of groundwater ranged from 0.03+0.01 — 0.1340.03 mg/L with an average value
of 0.06+0.02 mg/L. The provisional guideline value for arsenic in drinking water is
0.01 mg/L [42, 43], but the values for the concentrations of As®* in groundwater were
higher than the provisional value. The groundwater mainly from boreholes in com-
munities within the vicinity of the Gosa dumpsites was polluted concerning arsenic.

Arsenic is one of the toxic substances or elements thought to be responsible for wide-
spread health effects as a result of drinking water exposure. The ingesting of higher
concentrations of arsenic through drinking water will result in the growth of cancer in
the body. Other toxicity of arsenic exposure through drinking water includes hyper-
pigmentation and hypopigmentation, exterior neuropathy, cancer of the skin, bladder
and lung cancers and peripheral vascular disease [42]. The concentrations of chromium
(Cr*) in surface water samples ranged from (0.044+0.01 to 0.10+0.02) mg/L with a
mean value of 0.08+0.01 mg/L. Besides, (0.034+0.01 t0 0.124+0.01) mg/L was the range
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of concentrations of Cr** in groundwater samples but the levels of chromium in water
samples were higher than the standard provisional guideline value of 0.05 mg/L [42].
This result corresponds to the mean chromium concentration (0.098 + 0.002 mg/L)
reported by Ibironke ez al. [48] on surface water due to Leachate from the municipal
dumpsite. Chromium occurs in valences that ranged from +2 to +6 in its compounds
but most stable at Cr**. A strong association has been established between exposure
to the hexavalent form of chromium through the inhalation pathway and lung cancer.
Hexa-valence form of chromium (Cr®*) is a Group 1 human carcinogen according to
International Agency for Research on Cancer (IARC) [47].

The concentrations of copper ions (Cu?*) in surface water samples ranged between
(0.07£0.01 and 0.1640.05) mg/L with a mean value of 0.11+0.02 mg/L. The range
of copper concentrations (0.21+0.02 to 0.27+0.03 mg/L) in groundwater was higher
than those of surface water. Copper (Cu**) concentrations in this study were lower
than the recommended standard guideline value of 2 mg/L [42]. Copper is a contami-
nant of water and also an essential nutrient for plant growth. Wilson disease, meta-
bolic disorders, and gastrointestinal disorders are the most likely toxicity of copper.
The minimum concentrations of cobalt recorded in surface water and groundwater
were 0.18+0.02 mg/L and 0.30+0.01 mg/L respectively. On the other hand, the maxi-
mum concentrations of cobalt (Co*") in surface water and groundwater samples were
0.44+0.12 mg/L and 0.40+0.02 mg/L respectively.

The nickel ion (Ni?*) concentrations ranged from (0.1040.01 to 0.25+0.03) mg/L with
an average value of 0.16+0.02 mg/L in surface water. The minimum and maximum con-
centrations of Ni** in groundwater were 0.03+0.01 mg/L and 0.08+0.02 mg/L respec-
tively. The levels of Ni were higher in surface water samples than in groundwater
samples. The guideline value of Ni in drinking water is 0.07 mg/L [42]. The levels of
Ni in surface water samples exceeded the recommended guideline value, indicating
that all the surface water samples were polluted concerning nickel. The high concentra-
tion of Ni is above WHO/SON permissible limits was reported in soil and ground-
water around a refuse dump in Ibadan, Nigeria [37]. Nickel is an essential nutrient
for plant growth. The most common toxicity of nickel is allergic contact dermatitis.
Inhaled nickel compounds and nickel metal are carcinogenic to humans and have been
classified by the IARC as Group 1 and Group 2 carcinogenic, but there is the dearth

of evidence on possible carcinogenic health risks through oral exposure to nickel [47].

The minimum concentrations of zinc ions (Zn®*) in surface water and groundwater
were 0.11£0.05 mg/L and 0.1740.02 mg/L respectively. Conversely, the maximum
concentrations of Zn** in surface water and groundwater samples were 0.43+0.01
mg/L and 0.20+0.01 mg/L respectively. The levels at which Zn is found in water are
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not of health concern hence there is no guideline value recommended by the world
health organization. Nevertheless, a concentration of zinc higher than 3.0 mg/L is not
suitable and acceptable for drinking water [49]. Zinc is an essential element required by
both plants and humans for healthy growth. The concentrations of manganese (Mn?*)
in surface water samples ranged from (1.55+0.20 to 2.3240.05) mg/L with a mean
value of 1.86+0.21 mg/L. In groundwater, the levels of Mn?* ranged from (1.7240.01
to 2.0140.31) mg/L. Manganese concentrations higher than 0.1 mg/L in water sup-
plies are linked to objectionable taste in beverages and staining of wares and laundry,
coating on pipes and black precipitate results at manganese levels of 0.2 mg/L. How-
ever, the health base value of 0.5 mg/L has been proposed for manganese [35]. The con-
centrations of manganese in this study exceeded the recommended health base value
and may adversely impact human health, especially children, hence the water samples
were polluted with respect to manganese. Daniel ez /. [38] observed the enrichment
of Mn in natural water sources above the drinking water standard limits and attributed
possible sources of Mn** to agricultural activities (extensive use of fungicides and fertil-
izers) and automobile parts as well as tools from the dump site. Manganese is an essen-
tial trace element required for the healthy growth of plants, humans and other animals.
Manganese has been linked to adverse effects on learning in children [35].

The levels of mercury in both surface water and groundwater samples are below the
detection limits of the atomic absorption spectrophotometer and hence is not of any
health concern. The guideline value for mercury in drinking water is 0.006 mg/L [42].
The study area is not polluted concerning mercury. The concentrations of anions in
both surface and groundwater are also presented in Table 2. The sulphates (SO*) con-
centrations in both surface water and groundwater samples ranged from (4.96+0.32 to
24.3240.02) mg/L and from (5.80+0.22 to 6.16+0.02) mg/L, respectively. The aver-
age concentration of SO, in surface water (9.37+0.23 mg/L) seems to be higher than
that of groundwater samples (6.2740.15 mg/L). Nevertheless, sulphate concentration
between (250 and 300) mg/L is very suitable for the support of fisheries and aquatic
life. The sulphate concentrations for all the borehole water in this study were within
the acceptable maximum permissible limits (500 mg/L) recommended [42], indicat-
ing that the groundwater samples were not polluted with respect to sulphate ions. The
sulphate concentrations were within the range previously reported on groundwater in
the vicinity of dumpsites at Aduramigba Estate within Osogbo Metropolis [40], and
Lagos in Southwestern Nigeria [50].

Phosphates (PO,*) had minimum and maximum concentrations of 0.40+0.02 mg/L
and 0.92+0.02 mg/L in surface water respectively. The phosphate ion concentration
in groundwater ranged from (0.01+0.00 to 0.7940.02) mg/L with an average value
of 0.2940.01 mg/L. The concentration of phosphate ions appeared to be greater in
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surface water than in groundwater. Nonetheless, the phosphate ions concentrations
in both groundwater and surface water were below the maximum permissible limit of
5.0 mg/L, indicating that groundwater is not polluted with respect to phosphate ions.

The nitrate (NO5’) concentrations ranged from (0.35+0.21 to 16.47+0.11) mg/L
with a mean concentration of 7.9740.12 mg/L. The nitrate (NO5) concentrations
in groundwater ranged from (8.9340.12 to 11.8140.22) mg/L with a mean value
of 10.58+0.22 mg/L. The results of nitrate concentrations in most of the boreholes
(BH2, BH3) appeared to be lower than the standard maximum limits of 50.0 mg/L for
drinking water [49, 51]. The nitrate enrichment of groundwater in the present study
corresponds to the range (0.1 to 10) mg/L, reported by Adeyemo ez al. [44].

Chloride ion (Cl') had a concentration in surface water that ranged from (5.040.01
to 280+0.62) mg/L with a mean of 127.86+0.47 mg/L. The results of chloride ions
concentrations were within the standard maximum permissible limits of 250 mg/L
in most of the surface water samples except for SW1 (280 mg/L) and SW3 (240
mg/L). Chloride had concentrations in groundwater that ranged from (15.0+0.30
to 23040.20) mg/L with a mean value of 96.740.20 mg/L. Chloride ions compara-
tively had lower concentrations in groundwater than in surface water but appeared
to be within the standard recommended limits of 250 mg/L in all the groundwater
samples. The mean chloride concentration of 268.87 mg/L was reported on groundwa-
ter in the vicinity of dumpsites at Aduramigba Estate within Osogbo Metropolis [40],
higher than the ones in the present study but above the recommended standards for
drinking water. Higher concentrations of chloride could enhance the corrosion rate in
water distribution systems [51]. Fluoride ions (F) concentrations in surface water were
below the detection limit of the AAS instrument while fluoride ions (F*) concentra-
tions for groundwater were below the detection limit in most of the samples (BH1,

BH2), except BH3 (0.01+0.00 mg/L).

The maximum standard permissible limit of fluoride in drinking water is 1.5 mg/L and
the concentration levels of fluoride ions were within the acceptable recommended limit.
The carbonate (CO5*) and hydrogen bicarbonate ions (HCOj;) concentrations in sur-
face water ranged from (52.0+0.12 to 188.0+0.30) mg/L and from (15.20+0.55 to
43.7040.50) mg/L in both surface water and groundwater respectively. The CO,* and
HCO; ions in groundwater had concentration levels that ranged from (116.0+0.19
to 140.0+0.08) mg/L and from (26.60+0.22 to 45.60+0.70) mg/L respectively. The

levels of bicarbonate were comparable to the range of values previously reported [40].

The computed metal index for surface and groundwater are presented in Table 3 and
4 respectively.
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Table 4. Metal index for cations and heavy metals in ground water

Metals BH1 BH2 BH3 mean
Na 0.0370 0.0413 0.0415 0.0399
K 0.0008 0.0007 0.0003 0.0006
Ca 0.0016 0.0007 0.0003 0.0008
Mg 0.0196 0.0232 0.0224 0.0218
Fe 6.8667 3.123 2.567 4.200
Pb 49.00 56.00 49.00 51.00
Cd 36.67 60.00 66.67 53.33
As 3.33 43.33 10.00 20.00
Cr 0.60 2.40 1.80 1.60
Cu 0.135 0.105 0.12 0.12
Ni 1.142 0.429 0.714 0.714
Zn 0.057 0.067 0.063 0.063
Mn 4.02 3.44 4.02 3.82

A metal index greater than one indicates pollution of the water sample has occurred
while a metal index less than one implies no pollution. In surface water, the mean metal
index for Na, K, Ca, Mg, Cu and Zn were 0.0455, 0.0008, 0.0036, 0.022, 0.055 and
0.083 respectively. These values of the metal index for Na, K, Ca, Mg, Cu and Zn were
less than 1, reinforcing the fact that surface water was not polluted with respect to these
metals. Similarly, the average metal index for Fe, Pb, Cd, Cr, Ni, and Mn in freshwater
samples were 4.066, 33.00, 33.33, 1.60, 2.285 and 3.72 respectively. Conversely, Fe, Pb,
Cd, Cr, Ni, and Mn had metal indices greater than 1, hence surface water samples were
polluted with respect to each of these metals. The mean metal index for Na, K, Ca,
Mg, Cu, Ni and Zn in groundwater were 0.0399, 0.0006, 0.0008, 0.0218, 0.12, 0.714
and 0.063 respectively. Nevertheless, Fe, Pb, Cd, As, Cr and Mn had computed metal
indices of 4.20, 51.00, 53.33, 20.00, 1.60 and 3.82, respectively, which are greater than
the threshold value of 1.0 indicating pollution of groundwater with respect to these
heavy metals. The computed Water Quality Index (WQI) for metals in both surface
and groundwater is shown in Fig. 2 below. BH2 had the highest value (13501.85) of
WQI whereas SW1 had the lowest value (6447.52). The WQI in all the water samples
and sampling sites were greater than 100, which is a strong indication that water from
these sources wears unsuitable and unsafe for drinking purposes.
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Figure 2. WQI of Cations in both surface and groundwater samples

The quantity, exposure duration and toxicity of heavy metals in addition to other
chemical substances determine the human health risks [52].

The estimated daily intake of water by an adult was calculated and presented in Table 5.
The mean estimated daily intake for Fe, Pb, Cd, As, Cr, Cu, Co, Ni, Zn and Mn were
0.0039, 0.0123, 0.00378, 0.00061, 0.00249, 0.00470, 0.00961, 0.00409, 0.00727 and
0.05950, respectively.

The calculated hazard quotients of heavy metals are presented in Table 6. RfD values for
Cd (0.001), Cr (0.003), As (0.0003), Ni (0.02), Hg (0.0001), Pb (0.004), Cu (0.04), Zn
(0.3), Mn (0.14), Fe (0.70) and Co (0.02) were used for computing the hazard quotients
[46]. The non-carcinogenic health risks for each heavy metal in both surface and ground-
water samples were assessed by calculating the hazard quotient. Table 6 revealed that the
mean hazard quotient (HQ) for Fe, Pb, Cd, As, Cr, Cu, Co, Ni, Zn and Mn were 0.056,
3.078,3.780, 6.778,0.830, 0.118, 0.481, 0.205, 0.024 and 0.425, respectively. The mean
hazard quotient (HQ) values were less than one (1.0) for Fe, Cr, Cu, Co, Ni, Zn and Mn
while Pb, Cd and As had HQ values that exceeded the threshold hazard quotient (HQ)
values of one (1.0), suggesting the possibility of potential health risk associated with Pb,
Cd and As through consumption of drinking water. Table 6 also revealed that hazard
index (HI) values ranged from 6.195 - 31.593 with JL2 and BH2 having the minimum
and maximum HI, respectively. The HI values in this study exceeded the acceptable value
of one, indicating the associated chronic health risk effects of these heavy metals com-
bined. Nickel, cadmium, chromium, arsenic and lead were designated as group 1 and 2
potential carcinogenicity metals respectively by the International Agency for Research
on Cancer (IARC) but Zn, Al, Mn and Cu were classified as non-carcinogenic metals
[53]. Cancer slope factor for Pb, Ni and Cd are 0.009, 1.7 and 0.6, respectively [54, 55],
while that of Asand Crare 1.5 and 0.501 correspondingly [47, 53]. The calculated values

of incremental life cancer risk for the adult population are shown in Table 7.
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Incremental life cancer risks for Pb, Cd, As, Cr and Ni ranged from 8.28 x 10° to 1.05
x 10-4,9.6 x 10%t04.2 x 103,1.5 x 10% t0 6.15 x 103,2.51 x 10“%to0 1.90 x 102 and
1.7 x 107 to 1.34 x 107 respectively. The Incremental lifetime cancer risk (ILCR)
values for lead were within the acceptable safe limit of 1.0 x 10 to 1.0 x 10, and has
the least chance of cancer risks. However, Cd, As, Cr and Ni had cancer risk values
higher than the acceptable limits and have a very high chance of cancer risks through
ingestion of water.

CONCLUSION

Most of the physicochemical parameters evaluated in the present study were within
the acceptable limits while the mean concentrations of Fe, Pb, Cd, As, Cr and Mn
exceeded the maximum permissible limits. Metal index and weighted water quality
index for Fe, Pb, Cd, Cr, Ni, and Mn in all the stations were higher than the threshold
values, indicating that the water samples were contaminated and unsafe for drinking
purposes. The range of cancer risk values for lead (8.28 x 10 to 1.602 x 10*) was
within the safe limit and may not poses potential cancer risks. Incremental lifetime
cancer risks for Cd, As, Crand Ni were higher than the safe limits (< 1 x 104), suggest-
ing a high probability of potential cancer risk associated with consumption of these
carcinogenic metals by the adult population who depending on these sources of water

for livelihood.
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REsumMmoO

Introdugio: Pela primeira vez se avalia teoricamente a possibilidade da deteccio
eletroanalitica anédica do ledol - principal toxina dos néctares e méis de algumas

flores toxicas — pelo eléctrodo, modificado pelo compdsito do polimero condutor
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com oxihidréxido de cobalto. Metodologia: A eletrooxidagio do ledol dar-se-4
pelo anel de ciclopropano, seguida pela oxidagao do grupo alcodlico secundério em
cetona. Resultados e discussio: A andlise do modelo correspondente mediante a
teoria de estabilidade linear e andlise de bifurcagdes confirma que o oxihidréxido
de cobalto em compésito com o polimero condutor pode servir de modificador de
4nodo eficaz para a determinacio do ledol em méis, néctares e outras fontes naturais.
Como o ledol ¢ pouco ionizado, o comportamento oscilatério causar-se-4 apenas
pelos efeitos da etapa eletroquimica na dupla camada elétrica (DCE). Conclusées:
oxihidréxido de cobalto pode ser usado para a detecgao de ledol para a verificagio de

seguranca de méis.

Palavras-chave: mel, ledol, oxihidréxido de cobalto, polimero condutor, sensor

eletroquimico, estado estaciondrio estével

SUMMARY

The theoretical description for ledol electroanalytical detection
in honeys, assisted by conducting polymer/cobalt oxyhydroxide
composite

Introduction: For the first time, the possibility of anodic electroanalytical detection
of ledol - the main toxin in the nectars and honeys of some toxic flowers — by the
electrode, modified by the conductive polymer composite with cobalt oxyhydroxide
is evaluated. Methodology: The eclectrooxidation of ledol will be realized via
cyclopropane ring, followed by the oxidation of the secondary alcoholic group
to ketone. Results and discussion: Analysis of the corresponding model using
linear stability theory and bifurcation analysis confirms that cobalt oxyhydroxide
in composite with conductive polymer can serve as an effective anode modifier
for determining ledol in honeys, nectars and other sources natural. As ledol is
poorly ionized, the oscillatory behavior will only be caused by the effects of the
electrochemical stage in the double electric layer (DEL). Conclusions: Cobalt

oxyhydroxide can be used for detection of ledol for safety verification of honeys.

Keywords: honey, ledol, cobalt oxyhydroxide, conductive polymer, electrochemical

sensor, stable steady state



A descrigio tedrica da detecgio eletroanalitica do ledol em méis

RESUMEN

La descripcidn tedrica de la deteccidn electroanalitica de ledol en
mieles, asistida por el compuesto del polimero conductor con el
oxihidréxido de cobalto

Introduccién: Por primera vez, se evala la posibilidad de deteccién electroanalitica
anddica de ledol - principal toxina de los néctares y mieles de algunas flores téxicas
- mediante el electrodo modificado por el compuesto de polimero conductor con
oxihidréxido de cobalto. Metodologia: La clectrooxidacién del ledol se dard a
través del anillo de ciclopropano, seguida de la oxidacién del grupo alcohdlico
secundario a cetona. Resultados y discusién: El andlisis del modelo correspondiente
utilizando la teorfa de la estabilidad lineal y el analisis de bifurcacién confirma que el
oxihidréxido de cobalto en compuesto con polimero conductor puede servir como
un modificador de 4nodo eficaz para determinar el ledol en mieles, néctares y otras
fuentes naturales. Como el ledol estd mal ionizado, el comportamiento oscilatorio
s6lo serd causado por los efectos de la etapa electroquimica en la doble capa eléctrica
(DCE). Conclusiones: El oxihidréxido de cobalto se puede utilizar para la deteccién

de ledol para la verificacion de la seguridad de las mieles.

Palabras clave: miel, ledol, oxihidréxido de cobalto, polimero conductor, sensor elec-

troquimico, estado estacionario estable

INTRODUCAO

Mel ¢ um dos alimentos conhecidos pela humanidade desde a Idade de Pedra [1-4].
Sob o termo “mel” geralmente se entende um liquido viscoso e intensamente doce -
produto do processamento enzimdtico dos néctares das flores pelas abelhas. O mel tem
amplo uso na cosmética e medicina popular. Os compostos principais do mel sao car-
bohidratos e polifendis. A depender das flores de origem, os méis sao classificados em
monoflorais e pluriflorais.

Na maioria dos casos, o mel é seguro. Apesar disto, algumas das flores, polinizadas pelas
abelhas e usadas por elas para produzir mel — uma delas — rododendro, contém com-
postos tdxicos para organismo humano. O principal componente téxico deste tipo de
mel ¢ ledol (decahidro-1,1,4,7-tetrametil-(1aR 4R 4aS,7R,7aS,7bS)-1H-cicloprop|e]
azulen-4-ol, Numero CAS 577-27-5, Massa Molar 222,36 g/mol, Férmula Empirica
C,5H,40, Fig. 1):
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OH

Fig. 1. Ledol

O consumo de mel, que contém médias a grandes quantidades de ledol leva 4 intoxica-
¢ao [5-7], cujos sintomas sao espasmos musculares, irritagdes do intestino, alucinagdes

, 7 . - « A » A
¢ até o delirio, razao por que este mel popularmente se chama “mel bébado” (na Ucra-
nia) ¢ “mel maluco” (em Portugal ¢ no Brasil). A sua concentragio superior a 15% faz o
mel imprdprio para consumo humano.

Ledol também ¢ encontrado em alguns éleos naturais como o de priprioca [8], em que a
sua concentracio ¢ de até 4%. Pelas razoes supracitadas, o desenvolvimento de um método,
capaz de detectar a sua concentragio eficaz e rapidamente ¢ realmente atual [9-12].

Por ora, nenhum método de determinagao eletroanalitica de ledol tem sido desenvol-
vido. Entretanto, sendo um composto policiclico, que contém um anel de ciclopro-
pano, o ledol ¢ electroquimicamente ativo, sendo facil de oxidar. Neste caso, um dos
modificadores de eléctrodo para a detecgio eletroanalitica do ledol pode ser o oxihi-
dréxido de cobalto [13-15], material semicondutor, frequentemente usado nos apare-
lhos semicondutores como substitui¢io para o didxido de titnio, porém, ao contrério
deste, ¢ eletroquimicamente ativo. Ele, sozinho ou em compésito com polimeros con-
dutores [16-20], podia ter um desempenho eficiente como modificador de elétrodo
para a detecgao da nereistoxina.

No entretanto, o seu uso poderia acarretar uma influéncia comportamental, nociva a
estabilidade do sistema e a sua eficiéncia eletroanalitica [21-23]. Destarte, o uso prético
deste sistema eletroanalitico nao pode ser realizado sem uma descrigao tedrica prévia
do comportamento do sistema, o que se faz neste trabalho.

Assim, neste trabalho, pela primeira vez, faz-se uma analise comportamental do sistema
eletroanalitico da detecgao eletroquimica do ledol sobre o oxihidréxido de cobalto,
estabilizado pelo polimero condutor. A andlise comportamental do sistema eletroana-
litico faz-se mediante o desenvolvimento e a anélise do modelo correspondente. Com
isto também se faz a comparagao do comportamento do sistema eletroanalitico com o

dos semelhantes [24-28].
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O SISTEMA E O SEU MODELO

O grupo alcodlico ternario do ledol nao sofre oxidagao, por razoes estéricas. Entre-
tanto, sendo um composto carbociclico com ciclos condensados de sete, cinco e trés
dtomos de carbono, o ledol ¢ facil de oxidar. “O elo mais fraco” da molécula ¢ o frag-
mento de ciclopropano, que, por tensio angular, sofre rutura, rendendo um triol com
dois grupos alcodlicos terndrios e um secundario. Este, em seguida, sofre a sua prépria
oxidagio, rendendo uma hidroxicetona (Fig. 2).

HO

OH

Co0(0H)
Fig. 2. Esquema de eletrooxidagio de ledol, assistida pelo oxihidréxido de cobalto

O oxihidréxido de cobalto, por sua vez, regenerar-se-4 na etapa eletroquimica, con-
forme (1):

CoO + OH - ¢ - CoO(OH) (1)

Havendo vista o supracitado, descrevemos o comportamento do sistema eletroanali-
tico por um conjunto de equagdes diferenciais de balango de trés variaveis:
[ - a concentragao de ledol na camada pré-superficial;

/¥ — a concentragio do produto da oxidagio de ledol na primeira etapa;

¢ — o grau de recobrimento da matriz polimérica pelo 6xido de cobalto (II).
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Para simplificar a modelagem, supomos que o reator esteja sob agitacio intensa (des-
tarte, podemos menosprezar o fluxo de convecgio), que o eletrdlito de suporte esteja
em excesso (destarte, podemos menosprezar o fluxo de migragio). Outrossim, supo-
mos que o perfil concentracional das substincias na camada pré-superficial seja lineal, e
a sua espessura, constante, igual a 4.

E possivel mostrar que o comportamento do sistema pode ser descrito pelo conjunto de
trés equagoes diferenciais (2):

dl _ 2 (4 aix 2 dc _ 1
i g(g(lo -D _rz1) 2 = 521~ 122) d_i = (21 + 12— 1) (2)

at
Sendo A o coeficiente de difusio, |, é a concentragio da do ledol no interior da solugio,
C ¢ a concentragao superficial maxima do éxido de cobalto (II) ¢ os pardmetros 7 sdo as
velocidades das reagoes correspondentes, que se podem calcular como:

11 = ka1l(1 — ¢)? (3)
Ta2 = kaal * (1= ¢)? (4)
. = kycexpexp (%) (5)

Em que os parAmetros £ sio constantes de velocidades das respectivas reagoes, F ¢ o
numero de Faraday, ¢, ¢ o salto do potencial, relativo ao potencial da carga zero, R é a
constante universal de gases e 7'¢ temperatura absoluta do vaso.

Como o ledol ¢ um composto muito pouco ionizado, ¢ possivel menosprezar o impacto
das formas idnicas. Assim, a estrutura da DCE nao sofrera impactos fortes nas etapas qui-
micas e o sistema eletroanalitico far-se-4 ainda mais estavel, conforme descrito embaixo.

RESULTADOS E DISCUSSAO

Para investigar o comportamento do sistema com a detecgio eletroanalitica do ledol,
assistida pelo compésito oxihidréxido de cobalto—polimero condutor, analisamos o
conjunto de equagdes diferenciais (2) mediante a teoria de estabilidade linear. Os ele-
mentos estaciondrios da matriz Jacobiana para este sistema podem ser descritos como:
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(a11 @12 aq3 Az Ay3 Az3 Az A33 A33) (6)
Sendo:

ary =5 (=5 k(1= 0)?) 7)
a2 =0 (8)
a3 = %(21{21[(1 —0)) (9)
ay1 = 3 (k1 (1 ©)?) (10)

2 2
Qaz2 =g(—k22(1—0) ) (11)
Q3 = 5 (2kaal * (1 = €) = Zka (1 = ©) (12)
a31 = 7 (1 (1= ©)?) (13)
agz = g (ka1 (1= €)%) (14)
azz = %(—Zkzzl * (1 —c¢)—2ky11(1 —c) — kq exp exp (%) + v) (15)

Observando os elementos da diagonal principal da matriz Jacobiana (7), (11) e (15),
podemos concluir que o comportamento oscilatério neste sistema ¢ pode ser realizado,
mas a sua satisfagio pode ser realizada pelo tnico fator.

Para que o comportamento oscilatério seja realizado, ¢ necessario haver elementos posi-
tivos na diagonal principal. Estes elementos sao responsaveis pela positiva conexao de
retorno. Neste sistema, o unico elemento capaz de ser positivo é jk cexp exp (Fep,)/RT)
>0 se j>0. Ele descreve o fator dos impactos na DCE da etapa eletroquimica, tipico
para todos os sistemas semelhantes [24-28].
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Assim como em [24-28], a manifestagio do comportamento oscilatdrio (frequéncia,
amplitude e tipo de oscilagdes), serd dependente da composigio do eletrdlito de suporte,
usado para o processo eletroanalitico. De qualquer maneira, esta manifestagao dar-se-a
nos valores de parAmetros afastados do limite de deteccao, como serd exposto abaixo.

A estabilidade do estado estaciondrio, por sua vez, tem uma ampla zona topolédgica de
parimetros, correspondente  sua realizagio. Como o analito e os compostos interme-
didrios da eletrooxidagao nao sio compostos i6nicos, a zona da satisfacao do critério de
estabilidade serd mais larga.

Para investigar a estabilidade, aplicamos ao conjunto de equagdes diferenciais (2) o cri-
tério Routh-Hurwitz e, para facilitar a andlise do determinante, introduzimos as novas
varidveis e reescrevemo-lo conforme (16):

4 = o— —_ = —_ —_ —_
S|~k —E0PE —AT—PEZA-T—-P-0| (16),

O que, conforme as propriedades do determinante, pode ser reescrito como (17)

AQPk — QP —05) > 0 (17)

Abrindo os parénteses ¢ aplicando a condigio Det J<0, saliente do critério, obtemos o
requisito de estabilidade do estado estaciondrio expresso como (17):

AQRPk—QP —05)=0 (18),

que se satisfaz de forma garantida, sendo positivo o valor do parAmetro ), o que acon-
tece na esmagadora maioria dos casos, definindo um processo eletroanalitico eficiente
cineticamente controlado. A zona topolégica da satisfacao do requisito (18) far-se-4
mais larga que nos sistemas com formagdes e transformagoes de compostos idnicos,
caracteristicos para analitos sensiveis 4 concentragio dos prétons ou hidroxilas.

Nao havendo reagdes laterais, capazes de comprometer a estabilidade do analito e(ou)
modificador do 4nodo, a estabilidade do estado estaciondrio far-se-4 correspondente
a linearidade da dependéncia entre o parimetro eletroquimico (no caso, corrente) ¢ a
concentragao da toxina, o que ¢ relacionado com o melhor desempenho do sensor, até
que seja alcancado o limite de detecgao.
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Este limite ¢ descrito pela instabilidade monoténica, descrevendo a margem entre os
estados estaciondrios estdveis ¢ instaveis. A sua realizagio ¢ condicionada ao requisito

de Det J=0, ou
A(2PK — QP — Q) = 0 (19),
Que ¢ satisfeito, caso se satisfaga pelo menos um dos seguintes requisitos:
A=0 (20)
e(ou):

2Pk = Q(P + 5) (1)

Neste ponto, para o sistema podem coexistir varios estados instaveis, dos quais o sis-
tema escolhe um. Este se destrdi facilmente, a0 se mudarem as condi¢oes e, geralmente,
nao se regenera, se as condigdes iniciais forem restauradas (o sistema passa para um
estado instdvel diferente).

A detecgao catddica do ledol também ¢ possivel, mas requer a presenca de redutores
mais fortes como modificadores de cdtodo. A redugao do ledol far-se-4 pelo grupo alco-
dlico ternério e pelo grupo do ciclopropano com a abertura do anel e formagao de um
hidrocarboneto. Este caso serd descrito num dos nossos proximos trabalhos.

CONCLUSOES
A anélise tedrica do processo eletroanalitico da detecgao do ledol, assistida pelo com-

posito CoO(OH) - polimero condutor, deixou concluir que:

e sctrata de um processo eletroanalitico eficiente, em que o composto de cobalto
funciona como substancia ativa, e o polimero desempenha o papel de mediador;

o o processo eletroanalitico ¢ controlado tanto pela cinética do processo, como
pela difusio do analito;

e arecalizacio do comportamento oscilatério ¢ possivel, mas é causado apenas pelo
fator das influéncias da etapa eletroquimica nas propriedades eletrofisicas da

DCE.
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RESUMEN

Introduccién: La dependencia del alcohol exhibe un patrén de herencia multi-
factorial. Las vias de respuesta inflamatoria han despertado un interés particular,
especificamente el aspecto epigenético estd muy influenciado étnicamente y por
la evolucién personal de la enfermedad. Objetivo: Comparar el estado de metila-
ci6n de una regién promotora con islas CpG de algunos genes candidatos a dianas
farmacéuticas en la via de respuesta inflamatoria, entre controles e individuos con
consumo problemitico de alcohol de una muestra de una poblacién universitaria
colombiana. Métodos: Previamente, se realizaron estudios sobre 29 variantes
gencéticas que afectan a 10 genes implicados en la respuesta inflamatoria. Luego se
realizd andlisis de la expresién de ARNm y proteinas de algunos de estos genes, perfi-
lando a tres genes para estudios de metilacidn, a saber, SNCA, MIF ¢ IEFNGRI. Se
analizé el estado de metilacién del ADN modificado con bisulfito mediante PCR
con marcaje fluorescente, electroforesis capilar y validacién con secuenciacién de
Sanger. Resultados: Existen cambios en el estado de metilacidn del promotor de los
genes MIF'y SNCA en los casos. Se observé concordancia entre la expresién génica
y el estado de metilacién en MIF en la muestra general, y también con la sintesis de
ARNm-SNCA, sin cambios apreciables en la proteina, aunque con diferencias segin

el sexo. Conclusidn: Nuestro estudio proporciond informacién sobre el estado de
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metilacién de los promotores SNCA y MIF y su relacion con la expresion génica
en fenotipos de consumo problemitico de alcohol. Estas dos proteinas se proponen

como candidatas para estudios de modelado.

Palabras Clave: Metilacién, modificacién con bisulfito, respuesta inflamatoria,
alcohol, SNCA, MIF, IFNGR1

SUMMARY

Methylation status of promoter regions of three inflammatory
response genes in a sample of Colombians with alcohol
consumption problems - an exploratory study

Introduction: Alcohol dependence exhibits a multifactorial inheritance pattern.
The inflammatory response pathways have aroused particular interest; specifically
the epigenetic aspect is highly influenced by ethnicity and by the personal evolu-
tion of the discase. Objective: To compare the methylation status of a promoter
region with CpG islands of some candidate genes for pharmaceutical targets in the
inflammatory response pathway, between controls and individuals with problem-
atic alcohol consumption from a sample of a Colombian university population.
Methods: Previously, studies were carried out on 29 genetic variants that affect 10
genes involved in the inflammatory response. Analysis of the mRNA and protein
expression of some of these genes was then performed, profiling three genes for
methylation studies, namely SNCA, MIF, and IENGRI. The methylation status of
bisulfite-modified DNA was analyzed by PCR with fluorescent labeling, capillary
electrophoresis, and validation with Sanger sequencing. Results: There are changes
in the methylation state of the promoter of the MIF and SNCA genes in the cases.
Concordance was observed between gene expression and methylation status in MIF
in the general sample, and also in the synthesis of mMRNA-SNCA, without appre-
ciable changes in the protein, although with differences according to sex. Conclu-
sion: Our study provided information on the methylation status of the SNCA and
MIF promoters and its relationship with expression in problem drinking pheno-

types. These two proteins are proposed as candidates for modeling studies.

Keywords: Methylation, bisulfite modification, inflammatory response, alcohol,
SNCA, MYF, IFNGR1
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REsumMmoO

Estado de metilagao de regides promotoras de trés genes de
resposta inflamatdria em uma amostra de colombianos com
problemas de consumo de dlcool — um estudo exploratério

Introdugio: A dependéncia do 4lcool apresenta um padrio de heranca multifatorial.
As vias de resposta inflamatéria tém despertado particular interesse, especificamente
o aspecto epigenético ¢ altamente influenciado etnicamente e pela evolugao pessoal
da doenca. Objetivo: Comparar o estado de metilagio de uma regiio promotora
com ilhas CpG de alguns genes candidatos a alvos farmacéuticos na via de resposta
inflamatdria, entre controles ¢ individuos com consumo problemdtico de 4lcool
de uma amostra de uma populagio universitdria colombiana. Métodos: Anterior-
mente, foram realizados estudos com 29 variantes genéticas que afetam 10 genes
envolvidos na resposta inflamatéria. A anélise do mRNA ¢ da expressio proteica de
alguns desses genes foi entdo realizada, tracando o perfil de trés genes para estudos
de metilagao, a saber, SNCA, MIF ¢ IFNGRI. O status de metilagio do DNA modi-
ficado com bissulfito foi analisado por PCR com marcacio fluorescente, eletrofo-
rese capilar e validagio com sequenciamento Sanger. Resultados: Ha alteragées no
estado de metilagio do promotor dos genes MIF e SNCA nos casos. Foi observada
concordancia entre expressio génica e status de metilagio em MIF na amostra geral,
e também com a sintese de mMRNA de SNC4, sem alteragoes aprecidveis na proteina,
embora com diferencas de acordo com o sexo. Conclusao: Nosso estudo forneceu
informagoes sobre o estado de metilagio dos promotores SNCA e MIF e sua relagio
com a expressio génica em fendtipos problematicos de consumo de dlcool. Estas

duas proteinas sio propostas como candidatas para estudos de modelagem.

Palavras-chave: Metilagao, modificagio de bissulfito, resposta inflamatéria, alcool,

SNCA, MIF, IFNGR1

INTRODUCCION

Elalcohol se constituye en la principal sustancia psicoactiva de uso legal que se consume
en Colombia, particularmente en la poblacién universitaria, el 95 % de los estudiantes
declaran haber consumido alcohol al menos una vez en la vida, el 85 % declara un con-
sumo reciente, el 62 % declara un consumo actual, el 75 % de la poblacién encuestada
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tienen conducta de riesgo, es decir 3 de cada 4 personas pueden ser consideradas como
bebedoras de riesgo o con un uso perjudicial y finalmente el 14% de la poblacién mos-
tro signos de dependencia [1].

La alcohol-dependencia es una enfermedad de cardcter multifactorial con un compo-
nente genético de alrededor del 50%. La evidencia genética acumulada, aunque con
resultados contradictorios y una gran heterogeneidad, més la concordancia incompleta
entre gemelos monocigdticos en respuesta al alcohol, sugiere que ademds de los facto-
res genéticos y ambientales, son importantes los epigenéticos [2]. Ademds, los resultados
tan distintos y con escasa reproducibilidad en estudios de variantes genéticas asociados al
alcoholismo nos hacen pensar que, quizds anadido a la heterogeneidad génica propia de
las enfermedades de herencia multifactorial, las diferencias se deban a alteraciones en un
nivel diferente a la secuencia del ADN como lo son: la expresion génica o su regulacion,
la interaccién entre genes, las variables metabdlicas, otras enfermedades concomitantes,
el estado nutricional, el estado de la microbiota intestinal, etc. de los pacientes [3, 4]. El
alcohol y sus “metabolitos” pueden causar cambios epigenéticos, alterando el estado de
metilacién del ADN, modificando las histonas y la expresién de miRNA contribuyendo
a la alteracién en numerosas vias de sefalizacién celulares [5, 6].

Las alteraciones genéticas han sido ampliamente estudiadas, particularmente las
variantes de nucledtido simple (SN'V ’s) que son sustituciones de una base (nucledtido)
por otra en la secuencia de un gen que debe estar en al menos el 1% de la poblacién.
Pueden ser marcadores genéticos ideales en la busqueda de genes de susceptibilidad
a una enfermedad o genes que determinan la respuesta a un firmaco determinado
[7-9]. Los hallazgos més robustos de la influencia genética sobre el alcoholismo estdn
relacionados con SNV '’s de genes que codifican enzimas para el metabolismo del eta-
nol que implican la conversion del etanol a acetaldehido por la enzima alcohol des-
hidrogenasa (ADH) y este ultimo a acetato por la enzima aldehido deshidrogenasa
(ALDH). En el sistema nervioso, el citocromo P4502E1 del sistema microsomal, en
bebedores fuertes cobra relevancia. En Asia las variantes ADH1B*2, que genera una
enzima con 100 veces mas actividad y ALDH2*2 con menor actividad conllevan al
fenotipo que presenta enrojecimiento facial, hipotensidn, dolor de cabeza y nduseas y
por tanto se consideran un factor de proteccién [7]. En Colombia, nuestro grupo de
investigacion realizé un estudio con una muestra poblacional de la region central del
pais encontrando que una combinacién particular de genotipos de ADHI1B, ADHIC,
ALDH?2y CYP2EI podria estar llevando a la poblacién a un posible riesgo, dado que
al presentar alelos cuyo producto enzimatico permite una tasa de oxidacién mayor del
etanol (ADHI1B*2, ADHIC*1, CYP2EIc2) combinados con el genotipo homocigoto
de ALDH2*1 aumentaria las tasas de aclaramiento del alcohol y acetaldehido dando
como resultado una mayor tolerancia al consumo de cantidades elevadas de alcohol,
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siendo esto un factor de riesgo para desarrollar una dependencia. Esta caracteristica
sumada a otros factores como son los sociolégicos, psiquicos y ambientales contribuyen
fuertemente a la susceptibilidad de una poblacién a la enfermedad [10, 11].

Los estudios con genes candidatos y particularmente los ensayos con SNV’s en huma-
nos no son suficientes para explicar los mecanismos tan complejos del efecto neuro-
téxico del alcohol y los diversos fenotipos del alcoholismo. A pesar de la complejidad
del panorama, los estudios de gendmica total, expresion génica (transcriptémica y pro-
te6mica) nos muestran algunas redes intimamente ligadas con los cambios funcionales
que se presentan. Mediante técnicas de microarreglos y neuroprotedmica se analizé la
expresion génica en la corteza prefrontal de tejidos humanos postmorten de individuos
con historial de adiccién a distintos psicoactivos, incluido el alcohol, encontrando alte-
raci6n significativa en genes de distinta localizacién y funcién celular, ademas de los ya
mencionados anteriormente del metabolismo, se han descrito genes de transduccién
de sefiales (CREBI, MAPK1, NTRK2, SOD2), genes de inflamacién (I'NFRI,IL-IR,
IL-6R, TLR2, TLR4 y NFxf), genes inmunitarios y de otras vias como la via de sefia-
lizacién de calmodulina, genes de transito del reticulo endoplasmatico y aparato de
Golgi, genes estructurales del cito-esqueleto, adhesién celular, receptores nucleares y
moléculas que modulan la plasticidad neuronal, el circuito de recompensa, la memoria
y arquitectura dendritica [12-15].

Otra arista de esta enfermedad compleja, es el aspecto epigenético, mas del 50% de
estudios epigenéticos hacen referencia a la metilaciéon del ADN por ser cambios mds
estables y técnicamente mas faciles de realizar, mientras la obtencién de muestras ade-
cuadas y su procesamiento para otros tipos de estudios epigenéticos es mds compleja
[16, 17]. En el genoma de mamiferos alrededor del 75% de dinucleétidos CpG meti-
lados se encuentran principalmente en elementos repetitivos y de regulacién génica,
ademas alrededor de la mitad de los genes estin asociados a islas CpG y su estado de
metilacién depende de factores externos como la dieta, estilo de vida y de condiciones
fisiol6gicas y clinicas especificas [18].

El consumo continuo de alcohol altera la metilacién del ADN de tres formas: por inhi-
bicién de las ADN metiltransferasas (DINMT); interfiriendo el metabolismo de carbo-
hidratos, por cambios en el estado redox de las células; o limitando la disponibilidad
de 4cido félico que disminuye la concentracién de S-adenosilmetionina (SAM) [19].
Todo lo anterior, lleva a un estado de hipometilacién generalizado en el organismo de
consumidores crénicos de alcohol, cambiando la actividad de promotores, alterando la
transcripcion de genes. Aunque se ha evidenciado hipermetilacién de secuencias tipo
CCGG y de islas CpG en promotores de genes candidatos que han sido asociados al
alcoholismo como: el transportador de dopamina (SLC643), la vasopresina (ADH),
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el péptido natriurético atrial (ANP), la proopiomelanocortina (POMC), la proteina
del reticulo endoplasmético inducida por homocisteina (HERPUD), la alfa sinucleina
(SNCA), la monoaminoxidasa A (MAO A), el transportador de serotonina (SLC6A44),
la subunidad 2B del receptor de N-metil-D-aspartato (GRIN2B), la prodinorfina
(PDYN), entre otros, mostrando diferencias en patrones de metilacion entre controles
y pacientes con dependencia al alcohol [20-22]. Por otro lado, los férmacos zebularina
y 5-aza-2-deoxicitidina bloquean a DNMT alterando la metilacién del promotor del
factor neurotrdpico derivado de cerebro (BDNF) y de la reclina (RELN) implicados
en la plasticidad en el hipocampo en respuesta al alcohol [23].

Diferentes estudios han permitido establecer las redes funcionales que mds frecuen-
temente han relacionado al alcoholismo con alteraciones del estado de metilacién de
islas CpG de promotores de genes involucrados en neurodesarrollo, neurocomporta-
miento, metabolismo de lipidos y respuesta inflamatoria. Con relacion a esta tltima
funcidn, se ha encontrado al gen de receptor tipo toll-4 (T7LR4) hipermetilado cau-
sando la alteracion de la via con efectos de neurotoxicidad y neurodegeneracién [24].
Por otro lado, otros autores han encontrado hipometilacién en genes reguladores de
la respuesta inmune a través de interleuquina 1-beta (IL-18), IL-4, IL-10y factor de
necrosis tumoral alpha (7NF-2) que se relacionan con aumento de infecciones y cdncer
en el tracto digestivo en los bebedores de alcohol. En particular, el consumo de alco-
hol a nivel hepético puede alterar la sintesis de proteinas relacionadas con respuesta
inflamatoria e inmunidad innata y particularmente el metabolito S-adenosilmetionina
y, por tanto, disminuir la metilacién del ADN [25]. Ademds, la hipometilacién del
promotor del gen miRNA-34a, inducida por el etanol, cambia los patrones de expre-
sidon de genes como caspasa 2 (CASP2), sirtuina 1 (SIRT'1), metaloproteinasas 2y 9
(MMP2 y MMP9) relacionados con la supervivencia de los hepatocitos [26].

En este estudio seleccionamos los siguientes genes candidatos: SNCA (sinucleina),
MIF (factor de inhibicién de la migracién de macréfagos) e IFNGR1 (receptor tipo 1
del interfer6n gamma) a partir de los resultados de trabajos previos propios sobre SNV
(polimorﬁsmos de nucledtido tnico) en la regién promotora, haplotipos, epistasis y
expresion, en donde resultaron ser promisorios blancos terapéuticos [27, 28]. SNCA
juega un papel importante en los procesos de neuroproteccién y neurotoxicidad, y su
ausencia aumenta la sensibilidad del sistema de recompensa cerebral en los consumido-
res crénicos de alcohol [29-31]. Sin embargo, esta proteina podria plegarse de forma
incorrecta una vez fuera de la célula nerviosa, activando la microglia [32]. Por otro
lado, el promotor de SNCA se ha relacionado principalmente con la variante Rep-1,
un polimorfismo repetido de un dinucledtido con variados alelos en diferentes pobla-
ciones humanas. A medida que el alelo es mas corto, menor es la expresién del gen y
se ha asociado con la predisposicion al consumo de alcohol [30]. El riesgo de enferme-
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dades neurodegenerativas aumenta con el consumo excesivo de alcohol, especialmente
en individuos que tienen variantes de fécil agregacidn, con ciertos SNV en la regién
codificante del gen [30, 33]. Ademds, los polimorfismos en la regién 3-UTR del gen
SNCA podrian estar relacionados con cambios que modifican la estructura secunda-
ria del ARNm y cdmo se unen a ¢l los miARN, lo que a su vez afecta su expresion

génica [34].

MIF es una proteina que controla tanto la inmunidad innata como la adquirida. En
grandes bebedores de alcohol se incrementa su expresion y el uso del fairmaco inhibi-
dor, Ibudilast, muestra buenos efectos, lo que sugiere que MIF deberia ser evaluado
como un biomarcador para predecir la respuesta psicoterapéutica y farmacolégica en
pacientes con problemas de consumo de alcohol. Se considera un candidato viable para
una diana terapéutica [35].

Los interferones gamma (IFNY) son producidos por los linfocitos T CD4*, los NK y
NKT con la funcién de activar las células presentadoras de antigenos como macréfagos
y células dendriticas, ademas de funcionar como estimuladores ¢ inmunomodulado-
res del sistema inmune. Ademds actia como activador de iNOS e induce la sintesis
de inmunoglobulinas y moléculas del complejo mayor de histocompatibilidad tipo IL
Por otro lado, los receptores de los IFNy (tipo I y II) se expresan de manera ubicua
actuando por la via de JAK-STAT. Es conocido que el consumo excesivo de alcohol,
finalmente inhibe la respuesta inmune, aumentando la susceptibilidad a infecciones.
Durante la fase inicial del alcoholismo se activa la via de los interferones, aumentando
la sensibilidad de células hepaticas al TNF-a y la produccién de citoquinas proinflama-
torias como IL-12 [36].

La epigenética puede cambiar dindmicamente en respuesta a factores externos y puede
proveer un mecanismo que explique mejor como el ambiente afecta la expresion génica
y, por tanto, los diferentes fenotipos de la enfermedad a medida que progresa (toleran-
cia, abstinencia, recaida, etc.) [28, 29]. Hay caracteristicas particulares de las adiciones
como la recaida, que dificilmente se explica por aspectos genémicos; hoy en dia hay
evidencias que cambios en la regulacién de enzimas relacionadas con alteraciones epi-
genéticas podrian explicar estos fendmenos [31, 37-39]. Ademds, los cambios epigené-
ticos son dindmicos y reversibles y, por tanto, potentes candidatos para intervenciones
terapéuticas [40].

En los ultimos afios se han desarrollado diversos estudios que muestran la alteracién en
estados de metilacion en islas CpG de nimeros genes de pacientes con uso problema-
tico del alcohol, particularmente los relacionados con respuesta inflamatoria [3, 41].
El objetivo de este trabajo fue determinar el estado de metilacién de islas CpG de
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regiones promotoras de tres genes candidatos: IFNGRI, MIFy SCNA, de respuesta
inflamatoria y relacionarlos con el uso problematico del alcohol, comparando con-
troles y casos colombianos.

METODOLOGIA

La definicion del objeto de estudio.

Para el reclutamiento inicial de voluntarios se tuvo en cuenta a hombres y mujeres
mayores de 18 anos, nacidos en Colombia, residentes en la ciudad de Bogota, que estu-
vieran vinculados a la Universidad Nacional de Colombia, ya sea como estudiantes,
docentes o empleados, y que accedieran a participar en el estudio firmando consen-
timiento informado. A todos los sujetos incluidos en el estudio se les aplicé el cues-
tionario AUDIT (Alcohol Use Disorders Identification Test) como instrumento de
clasificacion de la gravedad de la dependencia del alcohol validado para Colombia por
Campo-Arias et al. [42] y Ospina-Diaz ez al. [43]. La seleccién de la muestra de indi-
viduos se hizo por conveniencia, el grupo control se seleccioné teniendo en cuenta que
fueran personas del mismo sexo y edades similares a los casos y que obtuvieran puntajes
AUDIT menores de siete, mientras que la seleccion de individuos con uso problema-
tico del alcohol (casos) se realizé teniendo en cuenta los siguientes criterios: individuos
cuyo primer problema con sustancias adictivas fuese el alcohol y que obtuvieron punta-
jes AUDIT mayores a siete. Por otro lado, a todos ellos, tanto controles como casos, se
les realiz6 una entrevista semiestructurada, elaborada con base en Scoppetta ez al. [44]
y Silla-Stoel y Rosén-Herndndez [45] con el objetivo de obtener mayor informacion
sobre habitos, frecuencia y cantidad de consumo, estado médico, antecedentes perso-
nales y familiares. De igual forma se calculé los gramos de alcohol consumidos por los
participantes en el estudio teniendo en cuenta su tltimo consumo, no olvidando que
se requeria una abstinencia de 48 horas [46]. Se excluyeron los voluntarios que repor-
taron infecciones, alergias, algtin tratamiento farmacolégico, enfermedades hepaticas y
psiquidtricas diagnosticadas.

Del muestreo inicial en el que participaron 139 personas, 73 se clasificaron como con-
troles y 66 como personas con consumo problematico de alcohol [27], se selecciona-
ron 25 personas de cada grupo para este estudio, teniendo en cuenta el valor AUDIT.
25 voluntarios con los puntajes AUDIT mas bajos, igual o menores a siete para los
controles y 25 con puntajes mds altos, mayores a siete para el grupo de casos. Fue un
estudio descriptivo con un muestreo no probabilistico por conveniencia, aprobado por
el comité de ética de la Facultad de Medicina de la Universidad Nacional de Colombia.
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Estudio del estado de metilacion

El estudio del estado de metilacion de las regiones promotoras de los genes seleccionados, se
realiz6 mediante la técnica de modificacion con bisulfito del ADN, seguido de PCR especi-
fica para metilacién y electroforesis capilar de productos fluoromarcados, reportado previa-
mente por Shi [47]. Por otro lado, parala validacién de los resultados se ejecutd la prueba de
metilacién especifica mediante PCR (MSP) [48] seguida de secuenciacién del ADN por el
método de Sanger y Coulson [49]. Empleamos las dos técnicas, la primera de uso general y
la segunda como prueba de verificacién de los resultados. Se obtuvieron los perfiles de meti-
lacién de las islas CpG de segmentos de promotores de forma indirecta teniendo en cuenta
que el ADN metilado migré més répido que su contraparte no metilado. Se confirmé estos
hallazgos mediante secuenciamiento directo de algunas muestras seleccionadas.

El principio de la modificacién de ADN con la técnica de bisulfito de sodio se basa en
su capacidad de convertir a todos los residuos de citosina (C) no metiladas en uracilos
(U) mediante deaminacién y su visualizacién en la secuencia como timina (T); la cito-
sina metilada es resistente a la reaccién y permanece como citosina [48]. Los iniciado-
res de PCR (Tabla 1) que se utilizaron flanqueaban las islas CpG que se modificaron
por igual después del tratamiento del ADN con el bisulfito y aprovecha las diferencias
de metilacién en su interior para discriminar entre estas secuencias.

Tabla 1. Caracteristicas de los iniciadores empleados en la amplificacién por PCR de segmentos del
promotor ricos en secuencias CpG de los genes seleccionados en ADN modificado por la técnica

del bisulfito.

Longitud Temperatura Longitud
Gen  Iniciad Secuencia §’-3’ del de del
€ teiadores ceuencia iniciador  hibridacién = amplicén
(pb)” (*C) (pb)*
Directo TTTTTTTTATATTTAGAA 28
IFNGRI CTTIAGGTTT 59,5 293
I AACCCTACTCACACCCTA 2%
nverso CATAAC
Directo AAAATTTTGAAGATATTT 27
SNCA GAATTAAAG 59.9 444
I CTAATCCTCCTCCTTCTCC 25
nverso TTCTC
Directo TAGTGGAATGAATTGGG 25
MIF TTTTATTT 59.8 134
I AATCTTTCTTAATCCTTTC 29
TV ACTAAATCAC

*pb: pares de bases.
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Para poder tener un ADN metilado de referencia, se amplificaron los segmentos de inte-
rés con iniciadores fluoromarcados y una parte de los productos se sometieron a reacciéon
de metilacién total, otra no y ambas se corrieron en electroforesis capilar y se determina-
ron los tamanos de estos productos. Para ello se siguieron los protocolos de la casa comer-
cial de la enzima EcoRI Methyltransferasa descritos en detalle por Rey-Buitrago [27].

El ADN se purifico de células mononucleares de sangre mediante la técnica de pre-
cipitacion salina [27, 50] y su pureza e integridad se confirmé mediante la medicién
espectrofotométrica y electroforesis en geles de agarosa al 2% en buffer TBE 1X,
tefiidos con SYBRsafe. Se seleccionaron algunas muestras, se purificaron y se les rea-
liz6 secuenciamiento de Sanger. Por otro lado, los productos de PCR amplificados
empleando los mismos iniciadores, pero esta vez fluoro-marcados con 5-FAM (5-cax-
boxifluoresceina), se corrieron en electroforesis capilar en un analizador genético ABI
PRISM 310. La electroforesis capilar permite separar fragmentos de ADN marcados
con diferentes fluorocromos en una sola corrida utilizando un polimero lineal de acri-
lamida (POP-4) contenido en un capilar. Al migrar a través del capilar los fragmentos
se van separando por tamano, pasan por la ventana de deteccién dénde un laser emite
sefales que excitan los fluorocromos, dicha emision es detectada por el equipo y trans-
formada en registros graficos o electroferogramas. La muestra, el amplificado (entre 0,5
y 2 uL (microlitros)) se disolvié en 12,5 uL de formamida Hi-Diy se le adiciono 0,5 pL
de Rox-500 (Applied Biosystems), marcador interno de tamafio molecular fluoromar-
cado. Se desnaturalizaron las muestras por 5 minutos a 95 °C e inmediatamente fueron
colocadas en frio hasta el momento de la electroforesis capilar. Los fragmentos fueron
corridos a 60 °C, usando un capilar de 36 cm con médulo de corrida GS STR POP4
(1.0 mL) Emd4, en promedio 30 minutos y los resultados de las corridas se analizaron
con el software GenMarker v2.2.0.

Analisis estadistico

El tamaiio de los amplificados se presenté como la media +SD (desviacién estdndar)
del tamafio determinado y para la comparacién entre casos y controles se empled
la prueba paramétrica de t para igualdad de medias o el estadistico no paramétrico
prueba U de Mann-Whitney. Para determinar la distribucién de los datos, se realizé la
prueba de Shapiro wilk. En los casos donde no se present6 una distribuciéon normal, se
emplearon pruebas no paramétricas. También fue realizada la prueba de Levene parala
homocedasticidad de las varianzas (p>0,05). Silos resultados presentaban normalidad
y homocedasticidad, se realizé la prueba ANOVA de dos factores, con test post hoc
de Bonferroni, cuando fue necesario. Se construyeron diagramas de caja con el propd-
sito de visualizar mds claramente las diferencias entre los grupos de muestras objeto de
andlisis, se determind un nivel de significacién de 2=0,05 en todos los casos. Todos los
célculos se ejecutaron con el programa SPSS versién 23.
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REsuLTADOS

De los sujetos control que se examinaron, 14 fueron mujeres y 11 hombres. En el grupo
de consumo problemadtico de alcohol, 7 fueron mujeres y 18 fueron hombres. En los
dos grupos, la edad de los participantes fue similar, con sujetos de entre 18 y 37 anos, y
una media de 24 y 23,5 afios para controles y casos, respectivamente. Tanto en el grupo
control como en el grupo con problemas con la bebida, aproximadamente el 90 % de
los participantes comenzaron a beber alcohol antes de los 18 afios. Los dos grupos esta-
ban compuestos principalmente por estudiantes universitarios de pregrado, quienes
predominaron en el grupo de casos y profesionales que trabajaban en la universidad,
perteneciendo estos ultimos en mayor proporcién al grupo control (Tabla 2) [28].

Considerando que el cuestionario AUDIT es una herramienta de tamizaje, se emple6
adicionalmente un cuestionario semiestructurado, en el cual se planted una pregunta
especifica acerca de la cantidad media de alcohol consumida durante la tltima sesi6n,
entre otras. En el 4&mbito de los controles, aproximadamente el 50% de los individuos
consumieron principalmente cerveza, con un promedio de 37 g de alcohol por evento,
mientras que aquellos con un consumo problematico de alcohol consumieron princi-
palmente cerveza, ron y brandy, con un promedio de 209 g de alcohol por evento. La
puntuacién del AUDIT vy los gramos de alcohol consumidos en una sesién de bebida
nos permitieron categorizar claramente nuestra muestra en sujetos control y casos, que
coincidieron en un 100%. La mayoria de estos ultimos (>50%) podrian clasificarse
como dependientes del alcohol. En cuanto al nivel socioeconémico, no encontramos
diferencias entre los dos grupos, lo que representa la misma proporcion de individuos
de condicién de clase media. La mayoria de los individuos que padecian alcohol-depen-
dencia manifestaron el consumo de otros sustancias psicoactivas como marihuana y
tabaco, con una diferencia estadisticamente significativa en comparacién con el grupo
control. Aunque el criterio de seleccién fue que la primera sustancia consumida fuera
el alcohol, los consumidores de otras sustancias no fueron excluidos debido a la impo-

sibilidad de encontrar bebedores exclusivos de alcohol (Tabla 2) [28].

Tabla 2. Caracteristicas sociodemogrificas de los participantes en el estudio [28].

Grupo de consumo Consumo problemético
(o Grupo de
, problematico de de alcohol
Parimetro controles,
alcohol, (%) vs Controles
n (%) nae (Valor p)
: io +
faiﬁfmmed‘o 5D 23,5+3,9 24,1439 0937
L 18-35 20-37 ’
Rango etario (afos)
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Grupo de consumo Consumo problemético
L. Grupo de
Parimetro problemitico de controles, de alcohol
alcohol, (%) vs Controles
n (%) e (Valor p)

Hombres 18 (72) 11 (44)
Sexo Mujeres 7 (28) 14 (56) 0,085
Eliitgl(l)a(c)l-;n AUPIT 0(0) 25 (100) 0,000*
Rancp 57 25 (100) 0(0)
Consumo de alcohol por 209492 37425 0,000*
evento (g, gramos)
Edad de inicio de
consumo de alcohol
(afios) 22(88) 24(99) 0,2971
<18 3(12) 1(4)
>18
Familiares con problemas
de consumo de alcohol 9(36) 12 (48)
i 0(0) 0(0) 0,390
No 16 (64) 13 (52)
No sabe, no responde
Consumo de otras
sustancias sicoactivas 25 (100) 12 (48) 0.000*
St 0(0) 13 (52) ’
No
Estrato socioeconémico
Bajo 7 (28) 6 (24)
Medio 18 (72) 18 (72) 0.948
Alto 0 (0) 1(4)

n= numero de individuos.
*Diferencias estadisticamente significativas.
# Analisis de varianza p<0,005.

Con relacién al ensayo de metilacién de regiones promotoras de los genes selecciona-
dos, la acumulacién de diferencias entre C/T en los amplificados produce una diferen-
cia en la relacién masa/carga. Nuestros ensayos y los reportados en la literatura [51]
mostraron que el ADN metilado migré més répido que su contraparte no metilada.
La figura 1S, muestra los electroferogramas tipicos de fragmentos de ADN modificado
con bisulfito y amplificado empleando iniciadores de PCR especificamente disefiados
para tal fin. Se puede observar dos picos, el de mayor tamafo corresponde a ADN sin
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metilar, es asi como el segmento de SNCA generé6 un producto de tamafo en prome-
dio de 450,6 pb; el INFGRI con un producto de 286,2 pb y MIF con un producto de
128,8 pb. Por otro lado, el primer pico, de menor tamafio corresponde al mismo seg-
mento de ADN, pero metilado, con tamanos de 447,4; 284,7 y 125,5 pb, respectiva-
mente (tabla 3, figura 1). Algunos de los productos de la PCR de este ensayo fueron
sometidos a secuenciamiento, la figura 28 corresponden a electroferogramas de secuen-
cia, se evidencia segmentos con metilacién total y parcial, en este ultimo caso depen-
diendo del porcentaje de islas CpG metiladas y su posicion en los electroferogramas de
secuencia se observa el solapamiento de los picos citosina (C) y timina (T). Optando
por la electroforesis capilar, disefio ya probado previamente [47], nos muestra los tama-
fios de los fragmentos amplificados, lo cual dependera del grado de metilacién, aunque
si estas diferencias son pequefias o hay cambio de posicion de los grupos metilados, mas
no en el nimero, no se podran discriminar en el electroferograma.

Por otro lado, se calcul6 el tamano de estos amplificados metilados y sin metilar
teniendo en cuenta el aparente cambio de masa por la reaccién, de acuerdo con Boyd ez
al. [51] en el contexto de analisis de metilacién con bisulfito, la transicién C/T resulta
en aproximadamente 0,1 nucleétidos o par de bases (nt o pb) la diferencia en el cambio
aparente de tamano de los fragmentos y es aditiva. Los productos de PCR del ADN
modificado con bisulfito que contenia méds C, aparentemente mds cortos migraron mas
rapido que los que contenfan T, aunque podria presentarse alteraciones relacionadas
con el tamano de los amplificados (entre mas grandes, més dificil su resolucién) y la
presencia de estructuras secundarias también puede alterar su interpretacién, lo cual
no fue nuestro caso. En la tabla 3 se observa la diferencia entre los segmentos metilados
y no metilados experimentales y predichas, siendo mucho mayores en las predichas
de SNCA e INFGRI, quizés una evidencia de la metilacién parcial de las muestras y
detectada en la secuenciacion (ver figura 2S). Se observa claramente que la secuencia de
segmentos de ADN de controles muestra mezcla de citosinas metiladas y sin metilar, lo
que no se evidencia o es mucho menor en los casos.

Al promediar los resultados para el grupo de control y casos, se encontré que no habia
diferencias en estado de metilacién del segmento del promotor rico en islas CpG del
gen INFGRI, por lo cual no se utilizd en los subsiguientes andlisis [28]. Se encontré
diferencias estadisticamente significativas al analizar los segmentos del promotor rico
en islas CpG de los genes SNCA y MIF, donde se evidencia mas metilacién en el grupo
de casos de individuos con consumo problemético del alcohol (tabla 3).
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Tabla 3. Comparacién de medias del tamafio de amplificados de segmentos del promotor ricos en

islas CpG de ADN modificado con bisulfito y corridos en electroforesis capilar de los genes SNCA,

INFGRIy MIF en controles y casos de individuos con consumo problematico de alcohol. Entre més

pequerfios sean los segmentos significa mayor grado de metilacién.

. Coml? aracion Comparacion de medias
Distribucién varianzas del tamafio del ADN
Gen (Prueba (Prueba de € tamanode Valor P
Shapiro-Wilk) Levene) amplificado (test de U de
Valor P Mann-Whitney), nt o pb*
Control: n=25
No Normal 449,35+0,44 .
SNCA Alcoholin=25 0,040 448,8240,46 0,000
No Normal
Control: n=25
No Normal 284,85+0,38
INFGRI Alcohol:n=25 0,259 284,75+0,30 0,357
No Normal
Control: n=25
No Normal N 125,15+0,08 N
MIE Alcoholin=25 0,000 124,69+0,61 0,009
No Normal

n= numero de individuos.

# pb: pares de bases.

*Diferencias estadisticamente significativas p<0,005.

Tabla 4. Tamanos de grupo de segmentos génicos amplificados experimentalmente y predichos de

ADN metilado y no metilado corridos en electroforesis capilar.

Tamafios promedio de los Tamafios promedio de los
, amplificados observados amplificados predichos
Numero : « . N
Gen de islas experimentalmente (nt, pb) tedricamente (nt, pb)
CoG ADN ADN si ADN ADN
P totalmente ) S Diferencia totalamente sin Diferencia
. metilar . .
metilado Metilado  metilar
SNCA 23 447 4 450,6 32 441,7 446,3 4,6
INFGRI 25 284,7 286,2 1,5 290,5 295,5 5,0
MIF 9 125,2 128,8 3,6 131,1 132,9 1,8

*nt: nucleotido 6 pb: pares de bases
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Figura 1. Tamafno de amplificados de ADN modificado con bisulfito de segmentos promotores
ricos en islas CpG de los genes SNCA (a), INFGR1 (b) y MIF(c) en lisado de células mononucleares
sanguineas de controles y casos (consumo problemdtico de alcohol). Entre mds pequeios sean los
segmentos significa mayor grado de metilacién. Los datos se presentan como un diagrama de caja

ue muestra el rango de valores del 25 a 6 con una linea que representa la mediana.
q tra el rango de val del 25 al 75 % 1 q p tal d
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De acuerdo con los resultados de expresion [28], con relacién al gen MIF, la trans-
cripcion relativa de ARNm disminuyo en los casos al igual que la proteina, como era
de esperarse, y como se mostrd arriba, el estado de metilacién del promotor es mayor,
lo cual se corresponde con lo esperado teéricamente, ya que la metilacién de la region
promotora de los genes conlleva disminucién de la transcripcion [52], y al producirse
menos ARNm se sintetizard menos proteina, lo que es concordante con nuestros resul-
tados. Por otro lado, en el caso del gen SCNA, no hubo cambios tanto en la trans-
cripcion relativa del ARNm como en la concentracidn proteica en la muestra general,
aunque hubo diferencias estratificando por sexo (figura 2). Con relacién al estado de
metilacién del segmento seleccionado del promotor de SNCA estaba més metilado en
alcohol-dependientes, lo que no es concordante con los datos de expresion, aunque no
hay que olvidar que la concentracién de proteinas se determiné en plasma sanguineo y
los andlisis de ARNm y estado de metilacién del ADN se realizaron en células mono-
nucleares de sangre, dos blancos sanguineos diferentes, aunque son componentes de un
mismo tejido y estdn muy interrelacionados (Tabla 5). De igual forma, debe conside-
rarse las diferencias debidas al sexo de los participantes, pues el comportamiento de la
expresion es distinto en hombres y mujeres, con aumento de ARNm y disminucién de
la concentracién plasmética de SNCA en hombres [28].

Tabla 5. Comparacién de medias de la medida de expresién relativa (adimensional) de ARNm en
células mononucleares de sangre periférica y concentracién de proteina en plasma (pg/mL), de los
genes SNCA y MIF de controles y casos alcohol-dependientes [28].

Gen Grupo Promedio Valor P
Control,
MIE n=25 1,39+0.63 .
n=50 Casos: Consumo problemdtico de alcohol, 0,924+0,43 0,004
mRNA
n=25
MIF Control,
N=50 n=25 8898,34+5342,38 0.001*
Proteina Casos: Consumo problematico de alcohol, = 4391,424+1659,75 ’
(pg/mL) n=25
Control,
ijf;)A n=25 1,02+0,74 0.193
Casos: Consumo problemadtico de alcohol, 1,42+1,17 ’
mRNA
n=25
SNCA Control,
N=50 n=25 198,13+£135,62 0.585
Proteina Casos: Consumo problemdtico de alcohol, 199,31+165,77 ’
(pg/mL)  n=25

n= namero de individuos. *Diferencias estadisticamente significativas p<0,005.
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Figura 2. Tamano de amplificados de ADN modificado con bisulfito de segmentos promotores
ricos en islas CpG de los genes MIF (a) y SNCA (b) en lisado de células mononucleares sanguineas
de controles y casos, estratificados por sexo. A mayor tamafio del amplificado, menor grado de me-

tilacion. Los datos se presentan como un diagrama de caja que muestra el rango de valores del 25 al
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75 % con una linea que representa la mediana.
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Di1scUSION DE RESULTADOS

Sehaevidenciado que polimorfismos en la regiéon promotora de un geny que diferencias
del estado de metilacion de las islas CpG de esta region en genes que las posean, estan
asociados con su expresion alterada [53]. En este trabajo encontramos que el segmento
estudiado del promotor de los genes SNCA y MIF con secuencias CpG se encontraba
més metilado en individuos con uso problematico del alcohol que en los controles,
hecho previamente evidenciado para SCNA por Bonsch ez 4l. [54] que indicarfan dis-
minucién de la actividad transcripcional, lo que efectivamente se observé al analizar las
tasas de transcripcion y concentracion proteica de MIF, y sin cambios para SNCA en la
muestra general [55, 56]. Por otro lado, al estratificar por sexo se observan diferencias
significativas entre hombres y mujeres, siendo los casos de hombres los que presentan
mayor grado de metilacién para las regiones promotoras de los dos genes (ver figura 2)
y menor expresion proteica. De igual forma, se encuentran diferencias en metilacion
si estratificamos por edad, en el rango de edad de 18 a 30 afios en el promotor de MIF
y SNCA que estén mas metilados en casos que en los controles (datos no mostrados)
[27], lo que coincide parcialmente con lo encontrado por otros autores, pues los casos
estan mas metilados, pero en el grupo de jovenes y no en el de mayor edad, como otros
autores lo han reportado [56], aunque hay que tener en cuenta que el gran porcentaje
de individuos con problemas de consumo de alcohol de nuestro estudio, se sittian en la
franja etaria de menores de 30 afios y ain no pertenecen al grupo de grandes bebedores,
ademds, el grupo de bebedores de mayor edad es muy reducido.

El promotor de MIF no contiene caja TATA, contiene islas CpG (34, para ser mds
exactos) desde la posicidn +1 hasta -300 a las que se une el factor de transcripcion
SP1, de igual forma posee secuencias tipo CRE, c-Myb, AP-4 y AML-1A a las que
se les une diversos factores de transcripcién, aunque solo SP1 y CREB lo hacen de
manera conjunta regulando constitutivamente la expresién de MIF [57]. De acuerdo
con la literatura, la metilacién de islas CpG proximales en MIF, es un evento muy raro
y menos relacionado con su transcripcion, siendo més probable que modificaciones de
histonas como la acetilacién, ubiquitinacién, sumoilacién, metilacién y fosforilacion
intervengan en la remodelacién de la cromatina y se constituyan en mecanismos epi-
genéticos fundamentales en la regulacién de la expresién de MIF [58]. Para el caso del
gen SNCA desde la posicion +1 hasta -1500 encontramos alrededor de 70 islas CpG,
regiéon promotora a la cual se unen diversos factores de transcripcion. Se ha hallado un
factor de transcripcién que se une a esa region y al intrén 1, una proteina con moti-
vos de dedos de zinc (ZSCAN21) y existe otro factor, GATA2 que se une a la misma
region reguladora y al intrén 2 regulando la expresion constitutiva del gen [58]. Para
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este gen, las islas CpG se han metilado con la técnica de CRISPR-cas9 en lineas celula-
res en modelos 77 vitro de enfermedad de Parkinson, comprobando la disminucion de
su expresion [59].

La hipermetilacién en estos genes SNCA y MIF podria explicarse por una alteracién en
la maquinaria de la metilacién, es decir, en las DNMT, lo que parece ser mds probable
a la luz de recientes estudios. Un ejemplo de ello es la alteracion de la actividad de las
DNMT, claves en el proceso de metilacién del promotor de los genes reelina y BDNF
en el hipocampo durante la induccién de la plasticidad sindptica. Igualmente, el empleo
de farmacos como la zebularina y 5-aza-2-deoxicitidina, inhibidores de DNMT, pue-
den bloquear este proceso de induccidn [56, 60]. Por otro lado, la evidencia para el
proceso contrario es mas contundente, es ampliamente conocido como la avitaminosis
y malnutricién que padecen los bebedores crénicos de alcohol y particularmente la
deficiencia de folato y metionina necesarios para la sintesis de moléculas donantes de
grupos metilo durante la metilacién podrian explicar la hipometilacion [25].

Los mecanismos epigenéticos son dindmicos y reversibles, agentes quimicos que modi-
fiquen la metilacién del ADN vy acetilacién de las histonas en la cromatina podrian
ser excelentes candidatos para intervenciones terapéuticas, incluso la identificaciéon de
patrones epigenéticos especificos asociados a patologias particulares podrian servir de
biomarcadores para la deteccion, diagndstico o intervenciones preventivas [37]. La
hipermetilacién de los promotores de SNCA y MIF podria constituirse en candidatos
a biomarcadores de la enfermedad.

En esta area de investigacioén se encuentran numerosos trabajos con resultados con-
tradictorios, algunos se han llevado a cabo en células de sangre, sin separar leucocitos
de no leucocitos, sin conocer sus variaciones interindividuales. El nivel de metilaciéon
en el ADN de sangre periférica puede no reflejar lo que sucede en otros tejidos, espe-
cificamente en cerebro o células bucales, aunque algunos trabajos han mostrado su
correspondencia [25, 61-63]. Faltan evidencias que relacionen las alteraciones en la
metilacién del ADN en los promotores y las tasas de transcripcion y por ello la necesi-
dad de realizar este tipo de ensayos.

Por otro lado, se han encontrado diferencias en estados de metilacién del ADN al com-
parar grupos étnicos; igualmente, al comparar grupos etarios, a mayor edad, mayor
grado de metilacién; también hay diferencias entre sexos, los hombres presentan mayor
grado de metilacién que las mujeres; la exposicion a sustancias quimicas, hébitos ali-
menticios, el fumar, realizar ejercicio fisico, el indice de masa corporal, y particular-
mente en un mismo individuo los patrones de metilacién son tejido-dependientes. Por
tanto, al realizar estudios de metilacién se debe tener en cuenta todos los aspectos ante-
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riores que generan confusion, todos ellos alteran los patrones de metilacion del ADN
tanto de controles como de casos. De igual forma, se ha evidenciado que la alteracién
del patrén de metilacion del ADN en los bebedores de alcohol va a depender de la fase
de la enfermedad por la que estén transcurriendo: tolerancia, ansiedad, abstinencia y si
se tiene adicionalmente otras codependencias. Algunos autores, también afirman que
las personas con alcoholismo exhiben una mayor aceleracion de la metilacién del ADN
con el aumento en la edad en comparacién con controles sanos en todos los tipos de

tejidos estudiados [19, 25, 63-66].

En este trabajo hemos encontrado aumento en la metilacion en segmentos del promo-
tor de los genes SNCA y MIF, relacionada con la disminucidn en la expresion relativa
de mARN vy proteina MIF en individuos del grupo de consumo problemético de alco-
hol, sin cambios en SNCA en la muestra general, aunque con cambios en hombres del
grupo de casos, donde se observa concordancia con la expresion de proteina y no de
mARN, lo que se puede explicar quizis por eventos reguladores postranscripcionales o
por la naturaleza de la muestra. Por lo tanto, las terapias epigenéticas con blancos en la
respuesta inflamatoria podrian evaluarse para el manejo del alcoholismo, ademds que
podrian constituirse en biomarcadores de diagnéstico y clasificacién de subtipos de
pacientes, ademas de ser determinados ficilmente mediante una “biopsia liquida” no
invasiva. Teniendo en cuenta la importancia de caracterizar estas proteinas como posi-
bles blancos terapéuticos, es fundamental realizar analisis bioinforméticos y funcio-
nales adicionales para valorar mejor este papel [67]. Seria interesante a futuro realizar
un estudio similar con una muestra de mayor tamano, ademas de poder explorar otros
aspectos epigenéticos del alcoholismo y particularmente la acetilacién de histonas y la
presencia de microRNA en pacientes con gran y prolongado consumo de alcohol.
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MATERIAL SUPLEMENTARIO
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Figura 18. Electroferogramas de amplificados de genes seleccionados: SNCA (A), INFGR1 (B)
y MIF (C) que muestra el estado de metilacién del segmento del promotor rico en islas CpG; el
primer pico de cada figura corresponde a ADN control totalmente metilado mientras el segundo

corresponde al mismo segmento sin metilar.

142



Estado de metilacién de regiones promotoras de genes de respuesta inflamato

ria

¥
¥ Fi view_Z ation RNA_ Window
®
i Selected: rone | Ssmple: OMR ) 7. Maseisio Ry
o ® % 1%
GRWITKKTTTTTTTTKGORAAAKGKRRGGATGT TTTAKGGAGGGKGAGWWT TWAATTTTTTT T TRAWRSAAAAT TKKTTKGTTRGTTTTTTKGGT TTTT
E

Jl “‘““ Lxhlm

15012 Msoriie Rey. isoizcTrant

Mw Ll “ﬂumm i e‘aﬂmum

%0 130
T TTTTOTTOAT OTTGOTATAGAT TTTGOTGATGGAAGTOATGTAAGGTTA0GATTAGAGSGTAOTGTTGGOTTOGTITTGTAGOTATTTOGGOTTG0AGTTAGTG

DL UL L Ml

143



Mauricio Rey Buitrago, Fabio Ancizar Aristizdbal Gutiérrez

Figura 28. Electroferogramas de secuencia de amplificados de ADN modificado con bisulfito de
segmentos promotores ricos en islas CpG de los genes SNCA (A, B), INFGR1 (C, D) y MIF (E,
F) en lisado de células mononucleares sanguineas de controles (primera imagen) y casos (segunda
imagen). No olvidar: R=A 0 G; Y=Co T; K=To G, W=AoT.
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RESUMEN

Introduccién: los ambientadores son productos empleados para aromatizar el
ambiente, tanto de locales cerrados como abiertos, muy demandados por la red hotelera
nacional. Objetivo: disenar fragancias para perfumar ambientadores antihumedad y
antitabaco. Métodos: se identificaron los componentes a incluir en las fragancias para
perfumar losambientadores. Se realizaron los estudios de estabilidad de envejecimiento
natural a las fragancias seleccionadas, asi como a los ambientadores, evaluando
también la influencia de la luz solar en las fragancias. La evaluacion sensorial se realizé
a través de métodos afectivos, incluyendo pruebas de aceptacion y pruebas escalares,
participando jueces no entrenados. Resultados: se desarrollaron las fragancias con
notas olfativas fresca-maderable y especiosa-maderable, para los ambientadores
antihumedad y antitabaco, respectivamente. Los estudios de estabilidad demostraron
la calidad fisica y quimica de ambas fragancias durante 24 meses, asi como de los
ambientadores. Los niveles de agrado del olor y la perfumacion, de ambos productos,
fueron clasificados como “Me gusta’, mientras que los de la fijacién fueron “Moderada”
(antihumedad) y “Duradera” (antitabaco). Las fragancias cumplicron con los criterios
de calidad establecidos, al igual que los ambientadores, conservando sus notas olfativas
inalteradas. El grado de aceptacion y calidad de los productos estudiados, a través de

métodos afectivos, demostraron su aceptacién.

Palabras claves: Ambientador, antihumedad, antitabaco, estabilidad, evaluacién

sensorial, fragancia
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SUMMARY

Anti-humidity and anti-smoking air fresheners: development
of fragrances

Introduction: air fresheners are products used to aromatize the environment,
both in closed and open locations, in high demand by the national hotel network.
Objective: to design fragrances to perfume anti-humidity and anti-smoking air
fresheners. Methods: the components to be included in the fragrances to perfume
the air fresheners were identified. Natural aging stability studies were carried out
on the selected fragrances, as well as on the air fresheners, also evaluating the
influence of sunlight on the fragrances. Sensory evaluation was carried out through
affective methods, including acceptance tests and scalar tests, with untrained judges
participating. Results: fragrances with fresh-woody and spicy-woody olfactory notes
were developed for the anti-humidity and anti-tobacco air fresheners, respectively.
Stability studies demonstrated the physical and chemical quality of both fragrances
for 24 months, as well as the air fresheners. The pleasantness levels of the smell and
perfume of both products were classified as “I like it”, while those of the fixation were
“Moderate” (anti-humidity) and “Long-lasting” (anti-smoking). The fragrances met
the established quality criteria, as did the air fresheners, preserving their olfactory
notes unaltered. The degree of acceptance and quality of the products studied,

through affective methods, demonstrated their acceptance.

Keywords: Anti-humidity, anti-smoking, air freshner, acceptance tests, fragrance,
stability

REsumo

Ambientadores antiumidade e antitabaco: desenvolvimento
de fragrancias

Introdugio: ambientadores sao produtos utilizados para aromatizar o ambiente,
tanto em espacos fechados como abertos, muito procurados pela rede hoteleira
nacional. Objectivo: conceber fragrincias para perfumar ambientadores anti-
humidade e anti-tabagismo. Métodos: foram identificados os componentes a serem
incluidos nas fragrincias para perfumar os ambientadores. Foram realizados estudos
de estabilidade ao envelhecimento natural nas fragrincias selecionadas, bem como

nos ambientadores, avaliando também a influéncia da luz solar nas fragrincias.
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A avaliagio sensorial foi realizada por meio de métodos afetivos, incluindo
testes de aceitagio e testes escalares, com a participagio de juizes nao treinados.
Resultados: Foram desenvolvidas fragrincias com notas olfativas amadeiradas
frescas ¢ amadeiradas picantes para os ambientadores antiumidade e antitabaco,
respectivamente. Estudos de estabilidade demonstraram a qualidade fisica e quimica
de ambas as fragrincias durante 24 meses, assim como dos ambientadores. Os niveis
de agradabilidade do cheiro e perfume de ambos os produtos foram classificados
como “Gosto”, enquanto os de fixagio foram “Moderado” (anti-umidade) ¢ “Longa
duragio” (anti-tabagismo). As fragrincias atenderam aos critérios de qualidade
estabelecidos, assim como os ambientadores, preservando inalteradas suas notas
olfativas. O grau de aceitagio e qualidade dos produtos estudados, através de mérodos

afetivos, demonstraram sua aceitagio.

Palavras-chave: Ambientador, antiumidade, antitabagismo, estabilidade, avaliagio

sensorial, fragrincia

INTRODUCCION

Una fragancia es una mezcla de sustancias aromaticas, sintéticas y naturales utilizadas
para conferir un determinado olor al producto terminado [1]. Se caracteriza por tener
una identidad propia, tnica y estéticamente adecuada, desde el punto de vista percep-
tivo [2]. La fragancia forma parte de la composicién de variados productos perfuma-
dos, como los detergentes, jabones, champus, desodorantes, ambientadores, talcos y
polvos, aportando su olor [3]. Su incorporacién en una formulacion especifica trae
consigo exigencias dentro de las que se destacan una buena compatibilidad, facilidad
en la incorporacidn, estabilidad y excelente desempenio [4, 5].

En la formulacién de una fragancia el perfumista determina qué materias primas aro-
maticas va a utilizar, combindndolas en proporciones adecuadas. Estas son descritas a
través de la pirdmide olfativa que indica las notas de cabeza (de salida o de cima), de
corazén (de cuerpo o de medio) y de fondo. La pirdmide olfativa es una de las formas de
describir las fases evolutivas de una fragancia de manera estructurada y secuencial, pero
no son fases estancas. Aunque en cada etapa predominan ciertas notas, la composicion
de un perfume es compleja, y se percibe mas o menos segun evoluciona la fragancia [6].

Cuba presenta un clima muy himedo que afecta las instalaciones hoteleras, tanto en
locales cerrados como 4reas abiertas, por lo que se requieren productos que minimicen
el efecto de los olores causados por la humedad. El olor a humedad puede minimizarse
con olores citricos, fundamentalmente, aportando un expresivo poder de irradiacién
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y frescor, asociados, principalmente, a la familia olfativa hespéride o citrica que, de
manera general, tienen como notas distintivas las citricas y frescas, que se pueden com-
binar con otras notas frutales, picantes, herbiceas y maderables, fundamentalmente,

para lograr el efecto deseado [7, 8].

Por otra parte, el olor a cigarrillo, ademds de ser perjudicial para la salud humana, se
impregna en la piel, en los tejidos de las habitaciones como cortinas y sobrecamas, ves-
tuario y locales, requiriendo productos que disminuyan estos olores. Para disminuir este
olor son recomedables olores tenaces y persistentes como son las notas maderables que
se caracterizan por ser calidas, opulentas y profundas, que combinadas con elementos
especiosos y dulces, resultan muy eficaces. Destacan entonces fragancias con notas olfati-
vas especiosas-maderables-almizcladas, que acenttan el cardcter de la composicion [2, 9].

Entre los articulos de aseo personal y limpieza del hogar se encuentran los productos
para la limpieza del hogar y el ambiente, incluyendo detergentes, limpiadores, ambien-
tadores, aromatizantes, entre otros [10].

Un ambientador es tanto la sustancia, o compuesto orgdnico aromatico, que perfuma
un ambiente, como el recipiente que sirve para contener dicho elemento. Si bien, en su
origen y durante siglos, las sustancias utilizadas para perfumar un ambiente eran exclu-
sivamente de origen vegetal (resinas, aceites esenciales, flores), muchos de los ambien-
tadores modernos utilizan productos quimicos sintéticos que facilitan su dispersion
y evaporacién, mezclados con otros de origen vegetal [2]. Se presentan en muy diver-
sas formas, dependiendo basicamente de la forma elegida para su difusién, como los
solidos, liquidos, acrosoles, varillas de incienso, difusores eléctricos, velas perfumadas

y geles [11-14].

Los ambientadores estin constituidos por dos ingredientes bésicos: las fragancias y los
solventes. El agua y diversos solventes son empleados en su elaboracién [11, 14, 15]. El
ambientador desprende varios tipos de perfumes y diferentes olores, despertando los
sentidos del ser humano, tranquilizando y relajando su mente, permitiendo la clari-
dad y la inspiracién de este. La perfumacion de los ambientadores tiene como funcién
principal mejorar sus caracteristicas organolépticas, por lo que es un factor importante
para la aceptacion por parte del consumidor. También se utiliza para inducir beneficios
adicionales a los productos ya que pueden satisfacer necesidades emocionales, aliviar
estrés, crear bienestar y comunicar ideas como limpieza, frescura y suavidad [3, 5, 11,
12, 15] logrando neutralizar olores fuertes como la humedad y el tabaco.

La calidad de la fragancia de un producto determinado es el criterio mds importante
para determinar su aceptacion, de acuerdo con una norma de calidad. A pesar de que
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existen pruebas fisicas y quimicas, dichas pruebas tienen poco significado a menos que
el requisito principal, o sea, la calidad del olor, sea satisfactorio [16].

La industria de las fragancias suele utilizar patrones propios de referencia, tipicos para
cada empresa, y a veces para cada producto. La calidad estd determinada principal-
mente por sus caracteristicas olfativas. Por lo tanto, son composiciones creativas tinicas
en su formulacién, se consideran secretos industriales, no siendo posible conocer la
composicién exacta de sus creaciones, existiendo escasos trabajos de investigacién rela-
cionados con el desarrollo de fragancias [17].

En el presente trabajo se desarrollaron dos fragancias para perfumar ambientadores
antihumedad y antitabaco. Con esta finalidad se determinaron las propiedades fisicas
y quimicas de las fragancias disenadas, asi como los estudios de estabilidad de vida de
estante y de evaluacién sensorial de las fragancias y los productos perfumados.

MATERIALES Y METODOS

Reactivos quimicos

Para el diseno de las fragancias antihumedad y antitabaco se emplearon materias primas
suministradas por Robertet (Francia) y Ventés (Espafia).

Desarrollo de las fragancias antihumedad y antitabaco

Se realizaron 17 variantes de la fragancia antihumedad (identificadas desde la L-1 hasta
laL-17) que respondieran a la nota olfativa fresca-maderable. En el caso de la fragancia
antitabaco se realizaron 25 variantes (identificadas desde la T-1 hasta la T-25) que res-
pondieran a la nota olfativa especiosa-maderable.

Durante el desarrollo de ambas fragancias se hicieron cambios graduales en los compo-
nentes, desde cantidades menores a mayores, o viceversa, empleando compuestos puros
o en diluciones para lograr el equilibrio y el efecto deseado en cada nota, asi como la
armonfa de toda la composicion. Cada nota y acorde diseiado se trabajé teniendo en
cuenta el desempeno de sus ingredientes para abarcar los tres niveles de volatilidad de
la fragancia: volatilidad alta, media y baja, asegurando de esta forma la secuencia cons-
tante en el desempenio de la fragancia.

Las materias primas utilizadas fueron debidamente analizadas para que cumplieran
con las regulaciones de la Asociacién Internacional para la Investigacion de Fragancias
(IFRA, por sus siglas en inglés) [18], teniendo especial cuidado en el empleo de las
sustancias restringidas y especificas. Durante el disefio de las fragancias se incluyé el
butil-hidroxi-tolueno (BHT) para evitar la oxidacién de los productos.
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Se elaboraron 10,0 g de cada una de las variantes, para cada fragancia, empleandose
para ello una balanza técnica (ED2202S, Sartorius, Alemania). Las materias primas
se fueron anadiendo al erlenmeyer a través de goteros desechables y espatulas de acero
inoxidable, agitdéndose la mezcla hasta homogenizar.

Evaluacion olfativa de las fragancias

La evaluacién olfativa fue realizada por el equipo de perfumistas del Departamento
Técnico de la UEB Suchel Fragancia, compuesto por seis jueces expertos [19],a través
del método directo de evaluacién de olores sobre tiras olfativas.

A cada una de las variantes obtenidas se les realizé el procedmiento en el horario de
la mafana (de 7:30 — 10:00 am), manteniendo una frecuencia de 15 min, 3, 6, 24 y
hasta 72 h, comprobando su permanencia en las tiras de papel secante, empleadas como
medio inerte. Las tiras de papel secante fueron impregnadas con las muestras a analizar
introduciendo una en cada frasco y se presentaron a los jueces de forma individual [17].

Los jueces procedieron a realizar la evaluacion del olor olfateando cada tira aromdtica,
la cual debia estar separada unos pocos centimetros de la nariz, sin que tuviera contacto
con esta.

La seleccién de las fragancias se efectud por consenso de todos los jueces, teniendo
como criterio de seleccién la variante mas equilibrada, con mejor armonia en su com-
posicién y con una permanencia en las tiras secantes de méds de 72 h [17].

Elaboracion de los ambientadores perfumados

A partir de la evaluacién olfativa, fue seleccionada una variante antihumedad (L-15)
y una antitabaco (T-2), teniendo en cuenta que las propuestas escogidas tenian el olor
deseado, construido con notas de tope, medio y fondo, logrando una armonia y una
clegancia singular.

Los ambientadores estaban compuestos por la fragancia seleccionada en cada caso,
alcohol etilico 96° y agua destilada. Para elaborar los ambientadores se midié la can-
tidad de alcohol a utilizar, después se adicioné la fragancia antihumedad y/o antita-
baco, posteriormente el agua destilada y finalmente, se macer6 la mezcla obtenida [20].
De cada ambientador se elaboraron 4,0 L, envasdndolos en bidones de polipropileno

(EMI, Villa Clara, Cuba) y tapas de polipropileno (EMI, Villa Clara, Cuba).

Estabilidad de las fragancias y los ambientadores

Los estudios de estabilidad de envejecimiento natural, a las fragancias y a los ambienta-
dores, se realizaron en el Laboratorio de Desarrollo de Suchel, perteneciente a la UEB

Suchel Fragancia [1, 21].
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Para el estudio de vida util las muestras se almacenaron en anaquel 2 30 + 2 °C de tem-
peraturay a 75,0 £ 5 % de humedad relativa, con una frecuencia de anlisis al inicio,
3,6,9, 12, 18 y 24 meses, posteriores a la elaboracién de las fragancias y los ambien-
tadores. También se colocaron muestras en la ventana, durante 90 dias, para evaluar el
efecto de la luz.

A las muestras analizadas se le determinaron los siguientes pardmetros:

Color y apariencia: Un tubo de ensayo bien limpio se llen6 hasta las tres cuartas partes

con la muestra realizando la inspeccidn visual.

Olor: Se realizé un andlisis olfativo a través de una tira de papel secante de 1 cm de
ancho por 10 cm de largo, introduciéndose un extremo en la muestra de ensayo. La
valoracion olfativa fue realizada por el comité de perfumistas de la entidad [1].

Indice de refraccién (IR): Se empled el refractémetro electrénico ATAGO RX-5000
(Japdn). Se depositaron dos gotas de la muestra cubriendo la totalidad de la superficie

del prisma a 20°C. El procedimiento se realizé por triplicado [22].

Densidad relativa (DR): Se empleé el densitdmetro electrénico Anton Paar DMA 38

(Austria) inyectando 20 pL de la muestra a analizar a 20°C. El procedimiento se realizé

por triplicado [23].

Adicionalmente, a los pardmetros anteriores, a los ambientadores se les determiné el

pH y el grado alcohdlico.

pH: Se empled un electrodo de vidrio en un pH-metro Mettler Toledo FiveEasy
(China). Se transfieren de 50 2 100 mL de la muestra de ensayo a un vaso de precipita-
dos y se midié el pH, previamente calibrado el equipo. El procedimiento se realizé por

triplicado [24].

Grado alcohdlico: Se le determind a cada ambientador empleando un densimetro DA-
130 N (KEM, Japén). En la pantalla de funcién del equipo se selecciond Alcohol y
20 °C (vol %) para la unidad de medicién [25].

Evaluacidn sensorial de los ambientadores: métodos afectivos

El nivel de aceptacién o rechazo, agrado o desagrado y preferencia de los productos
elaborados, se evalué a través de pruebas sensoriales afectivas destinadas a los consumi-
dores, teniendo en consideracién algunos atributos de interés, desde el punto de vista
de las caracteristicas deseadas para este tipo de cosmético (productos funcionales) [26].
Para ello se aplicaron encuestas a 100 jueces no entrenados, en diferentes instalaciones
hoteleras del pais.
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A través de la prueba de aceptacion de muestra simple o tnica, se determind la acepta-
cién o el rechazo de los productos presentados, siendo los atributos evaluados el olor y
el efecto antihumedad/antitabaco.

Para evaluar el efecto antihumedad, el ambientador se aplicé en habitaciones de las
plantas bajas de cada hotel, seleccionadas por la administracién de cada entidad. En el
caso del ambientador antitabaco se aplicé en los Salones para fumadores de cada hotel,
asi como en locales abiertos hoteleros y habitaciones, lugares donde acuden personas
fumadoras y no fumadoras.

Los jueces participantes voluntariamente, acudian a los locales seleccionados en cada
caso, respondiendo por escrito la encuesta.

Posteriormente, se realizé el andlisis estadistico para determinar si la aceptacién era
significativa o no, empleando para ello los valores tabulados para la prueba pareada de
una cola [26]. Para un nivel de significacién (4) = 0,05 y el nimero de juicios totales
(n) = 100, se establecié el valor de n = 59 como valor minimo de respuestas necesarias
para concluir si existian diferencias perceptibles entre las muestras.

Las pruebas escalares usando una escala heddnica (del 1 al 5) fueron aplicadas para medir
el nivel de agrado del olor, la perfumacién o potencia y la fijacién o permanencia en el
tiempo, de los productos desarrollados. En los casos del olor y la perfumacion la escala
empleada tuvo los criterios siguientes: 5-me gusta mucho, 4-me gusta, 3-ni me gusta ni
me disgusta, 2-me disgusta y 1-me disgusta mucho. Para el nivel de agrado de la fijacién o
permanencia fue: 5-muy duradera, 4-duradera, 3-moderada, 2-débil y 1-escasa.

RESULTADOS Y DISCUSION

Ante el crecimiento del turismo en el pais, importante eslab6én para la economia, la
UEB Suchel Fragancia, a solicitud del Ministerio de Turismo, debia disenar fragancias
antihumedad y antitabaco para perfumar ambientadores que cumplieran con estas pro-
piedades, considerdndose un desarrollo sin antecedentes en la empresa.

Debido a su situacién geogréfica, Cuba presenta un clima tropical, siendo la humedad
una amenaza constante en las instalaciones hoteleras del territorio. Para neutralizar
este olor se emplearon fundamentalmente materias primas citricas combinadas con
maderas, que perduran en el tiempo. La nota de salida estd formada fundamentalmente
por naranja, limén y bergamota. La nota del medio se compone, principalmente, por
elementos florales, como el citronelol y geraniol, y maderables como el cedramber y
vertofix. Formando parte de la nota floral también estin presentes la nota muguete,
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aportada por el lilial lilestral, y la nota violeta, representada por la ionona metilica, las
cuales acttian enriqueciendo el ramo floral. La nota de fondo presenta una excelente
combinacién de la vainilla con naturales como el pachuli y cedro, que logran acentuar
el cardcter de la composicién.

Ademis de las notas principales, fueron incluidas otras notas olfativas que actuaron
como modificadores y ayudaron a fantasear la composicién, dotindola de una iden-
tidad propia. De esta forma, la fragancia antihumedad, presenta como nota olfativa
fundamental la fresca-maderable, aportando una sensaciéon de limpieza, frescura y
juventud, lucidez, vigor y familiaridad.

Para el desarrollo de la fragancia antihumedad se disenaron 17 variantes, seleccionan-
dose por consenso de los jueces la L-15 como la variante més equilibrada y con mejor
armonfa en su composicion, con una permanencia en las tiras secantes de mds de 72 h.

Por su parte, para neutralizar el olor a tabaco se emplearon materias primas que brin-
dan un efecto dulce, combinadas con maderas. Contiene un alto porcentaje de materias
primas poco voldtiles, lo que garantiza el alto grado de permanencia en el local donde se
aplique. Por tanto, la nota olfativa fundamental de esta fragancia antitabaco es especio-
sa-maderable, que aporta también elegancia y persistencia. Evoca un cardcter tranquilo,
confiado, calido y extrovertido.

La nota de salida estd formada fundamentalmente por bergamota, toronja, bayas rosas
y acetato de estiralilo. El medio se compone principalmente por nuez moscada, cedro,
jazmin y violeta. La nota de fondo presenta vainilla, etil maltol, pachuli, vetiver y cash-
meran. Los acordes empleados crean una estrella sensual y almizclada combinando la
dulce vainilla con notas de maderas secas, que van dejando una huella imborrable con
el pasar de las horas. De esta forma, la fragancia antitabaco, presenta como nota olfativa
fundamental la especiosa-maderable.

En el caso de la fragancia antitabaco fue seleccionada, por consenso de los jueces la T-2
como la variante més equilibrada, con mejor armonia en su composicién y con una
permanencia en las tiras de papel secante de mds de 72 h.

En las fragancias se trabajaron cuidadosamente los tres niveles de volatilidad (tope,
medio y fondo) para asegurar una secuencia olfativa continua de su desarrollo y
expresion, quedando constituidas las pirdmides olfativas como se muestran en las
figuras 1 y 2. De manera que la fragancia antihumedad pertenece a la familia olfativa
hespéride y la subfamilia maderable, mientras que la fragancia antitabaco corresponde
ala familia maderable y la subfamilia especiosa (en este caso, determinada por la poten-
cia e intensidad del olor).
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Fresca-Maderable
Citrica
Notas: frutal, Marina,

Bergamota, Limén verde y aldehidica

Maderabe-Floral

Citronielol

Cedramber

vertofix

- ‘ “ Vainilla
E® B

Figura 1. Pirdmide olfativa de la fragancia antihumedad.

Geraniol

Pachuli
Sandalo
Cedro

Especiosa-Maderable

Fresca- Espec1osa
Bergamota Bayas Rosas verde
Limén
Toronjad"
Maderable Floral-Especiosa

Jazmin
Violeta H

Dulce maderable

Cashmerin
Vetivert
Pachuli
Sandalo,

Vainillina

Figura 2. Pirdmide olfativa de la fragancia antitabaco.

En la tabla 1 se resumen las notas olfativas de ambas fragancias, mientras que el porcen-
taje de los componentes volatiles de cada fragancia se resume en la tabla 2.
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Tabla 1. Notas olfativas de las fragancias antihumedad y antitabaco

Nota Porcentaje de las notas olfativas
Fragancia antihumedad Fragancia antitabaco

Citrica 25,80 3,80
Maderable 20,30 55,90
Fresca 13,00 3,00
Floral 12,60 13,05
Almizclada 8,00 3,80
Frutal 5,24 5,24
Ambarada 2,70 2,90
Aldehidica 0,48 -
Verde 0,46 0,35
Fougere - 2,50
Marina - 1,46
Especiosa - 0,10

Tabla 2. Componentes voldtiles (porcentaje) de las fragancias antihumedad y antitabaco

Fragancia Fragancia
Nota Componente antihi;lmedad anti%abaco
Accite esencial de bergamota + 2,00 %
Aceite esencial de limén + -
) Acetato de linalilo 8,00 %
Citrica -
Citral +
Cristales de naranja 1,00 %
Metil pamplemousse +
. Aceite esencial de nuez oscada +
Especiosa ; .
Aceite esencial de bayas rosa +
Fresca Dihidromircenol + 3,00 %
Acetato de estiralilo 0,26 %
Hexenol Cis-3 0,03 %
Verde Liffarome +
Vertocitral 10 % en DPG 0,20 % -
Undecavertol +
(Contintia)
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Fragancia Fragancia
Nota Componente antihimedad anti%abaco
Aceite esencial de vetivert +
Aceite esencial de cedro del palo ligero +
Accite esencial palo del guayaco +
Aceite esencial de sandalo Indias Orientales - +
Maderable Accite esencial de pachuli - +
Cashmeran +
Cedramber +
Sandalore +
Iso E super - 15,00 %
Vertofix - +
Hedione 4,00 % +
Acetato de bencilo +
Linalol + 1,00 %
Acetato de geranilo +
Floral Ionona metilica +
Octin carbonato de metilo +
Geraniol +
Citronelol +
Nerol +
Calone +
Marina Helional 0,40 %
Melonal +
Exaltolide +
Galaxolide 2,00 % +
Almizclada  Habanolide +
Muscone +
Tonalide +
. Aldehido C-10 +
Aldehidica Aldehido C-11 undecilénico +
Ambroxin 0,20 % +
Ambarada  Evernyl +
Vainillina - +
Fougere Cumarina +
Aceite esencial de lavanda +
Allyl amyl glicolate + 0,04 %
Frutal Damascona alfa + -
Vertier + -
-- Butil hidroxi tolueno (BHT) = =
Inodoro Dipropilenglicol + 2,00 %

=: componentes en iguales proporciones, -: menor cuantia, +: mayor cuantia
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De manera general, se aprecia que en la fragancia antihumedad predominan los estéres,
aceites esenciales y alcoholes, responsables de la nota citrica, maderable, fresca, floral y
almizclada, fundamentalmente. Por la caracteristica del olor a tabaco, muy persistente,
son imprescindibles para su neutralizacién compuestos de alta masa molecular, predo-
minando los macrélidos, estéres y aceites esenciales, que caracterizan la nota madera-
ble, floral, especiosa almizclada y ambarada.

La fragancia antihumedad resulté un liquido ligeramente amarillo y transparente, carac-
terizada por un olor fresca-maderable en la nota fundamental, mientras que la fragancia
antitabaco resulté un liquido amarillo y transparente, caracterizada por un olor especioso-
-maderable en la nota fundamental, como se previé durante el disefio inicial de cada una.

Los resultados correspondientes a los estudios de estabilidad de la fragancia antihume-
dad y el ambientador, se muestran en las tablas 3 y 4, respectivamente. En el caso de la
fragancia y ambientador antitabaco se presentan en las tablas 5y 6.

Tabla 3. Influencia de la luz y estabilidad de vida util de la fragancia antihumedad

Vida ttil Influencia de la luz
IR DR (g/cm?) Dia IR DR (g/cm?)
Inicio  1,4835 (0,0002) 0,931 (0,001)  Inicio 14835 (0,0002) 0,931 (0,001)
3 1,4835(0,0000) 0931(0,001) 15 14836 (0,0001) 0,931 (0,001)
6 1,4835(0,0004) 00931(0,004) 30 14837 (0,0004) 0,931(0,003)
9 1,4835(0,0008) 0931(0,007) 45 | 14839 (0,0010) 0,932 (0,007
( ) ( )
( ) ( )
( ) ( )

Mes

)
12 1,4835(0,0003) 0,931(0,002) 60 1,4841 (0,0006 0,933 (0,002)
18 1/4836(0,0011) 0,931(0,001) = 75 1,4843 (0,0000 0,935 (0,004)
24 14836 (0,0000) 0,933(0,001) 90 1,4846 (0,0014 0,936 (0,010)

IR: indice de refraccién; DR: densidad relativa
X (DS): valor medio (desviacién estindar)

Tabla 4. Estabilidad de vida util del ambientador antihumedad

Mes IR DR (g/cm?) pH Grado alcohélico Prop 1ec’1a(!es
organolépticas
Inicio  1,2835 (0,0002) (g’ggi ) 512(009) 59,20 (0,08) Cumple
31,2835 (0,0004) (g’gg;) 5,12 (0,01) 59,20 (0,03) Cumple
6 12835(0,0002) (8’23;) 5,12 (0,01) 59,20 (0,04) Cumple
91,2835 (0,0007) (8’33;) 5,12 (0,03) 59,20 (0,01) Cumple
(Continiia)
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Mes IR DR (g/cm?) pH Grado alcohdlico of;:f; (lj:;?i:ls
12 1,2835(0,0003) (g,f)(i);) 5,13 (0,09) 59,20 (0,09) Cumple
0,851
18  1,2836(0,0001) (0,004) 5,14 (0,05) 59,20 (0,08) Cumple
0,852
24 1,2836(0,0002) (0.001) 5,16 (0,03) 59,20 (0,04) Cumple

IR: indice de refraccién; DR: densidad relativa
X (DS): valor medio (desviacién estandar)

Tabla 5. Influencia de la luz y estabilidad de vida il de la fragancia antitabaco

M. Vida util Influencia de la luz
° IR DR (g/cm’)  Dia IR DR (g/cm’)
Inicio  1,3495 (0,0002) 0,835 (0,001) Inicio 1,3495 (0,0002) 0,835 (0,001)
3 1,3495 (0,0000) 0,835 (0,001) 15 | 1,3496(0,0001) 0,835 (0,001)
6 1,3495 (0,0004) 0,835 (0,004) 30 1,3497 (0,0004) 0,835 (0,003)
9 1,3495 (0,0008) 0,835(0,007) 45 = 1,3499 (0,0010) 0,836 (0,007)
12 1,3495 (0,0003) 0,835 (0,002) 60 = 1,3500(0,0006) 0,837 (0,002)
18 1,3496 (0,0011) 0,835 (0,001) 75 = 1,3501 (0,0000) 0,839 (0,004)
24 1,3496 (0,0000) 0,837 (0,001) 90 = 1,3503(0,0014) 0,840 (0,010)
IR: indice de refraccién; DR: densidad relativa
X (DS): valor medio (desviacién estindar)
Tabla 6. Estabilidad de vida util del ambientador antitabaco
Grado Propiedades
3
Mes IR DR (g/cm’) pH alcohdlico organolépticas
Inicio 1,3255 (0,0002) (g’ggf) 5,36 (0,04) 60,20 (0,08) Cumple
31,3255 (0,0004) (g’ggg) 5,36 (0,01) 60,20 (0,03) Cumple
6 153255(0,0002) (g’gg; 5,36 (0,01) 60,20 (0,04) Cumple
9 1,3255 (0,0007) (g’ggi) 5,36 (0,03) 60,20 (0,01) Cumple
12 1,3255(0,0003) (g’ggi) 537(0,09) 60,20 (0,09) Cumple
0.762
18 13256(00001)  (hh 5.38(005)  6020(008) Cumple
24 1,3256 (0,0002) (g’ggi) 540 (0,03) 60,20 (0,04) Cumple

IR: indice de refraccién; DR: densidad relativa, X (DS): valor medio (desviacién estandar)
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Los ambientadores estdn clasificados en la categoria 10A-10B*- Productos para el cui-
dado del hogar con mayor contacto con las manos, cumpliendo con los requerimientos
sobre las materias primas empleadas, segtin las regulaciones de la IFRA [18].

El ambientador antihumedad result6 un liquido ligeramente amarillo, mientras que
el antitabaco mostré un color amarillo. Ambos reflejaron una apariencia transpa-
rente, lo que demuestra la compatibilidad de los componentes de las fragancias en el
etanol y el agua.

Como se previé en el disefio de las fragancias, los ambientadores antihumedad y antita-
baco mantuvieron sus notas olfativas fundamentales: fresca-maderable y especiosa-ma-
derable, respectivamente.

En el ambientador antihumedad, el indice de refraccion arrojé un valor medio inferior
al obtenido para la fragancia, lo cual es légico debido a su dilucién en etanol y agua.
La densidad relativa también fue inferior al valor correspondiente a la fragancia, por la
misma razén. Igual comportamiento se observa para el ambientador antitabaco.

Los valores de pH para ambos ambientadores estan entre 5 y 6, considerdndose adecu-
ados, ya que estdn comprendidos en el rango de pH de la piel (4,5 - 6,5), garantizando
la inocuidad de los productos. De la misma manera, el grado alcohélico de los ambien-
tadores se mantuvo dentro del rango establecido (50 — 70 %) [1].

Durante el periodo de ensayo, las propiedades fisicas y quimicas de las fragancias y los
ambientadores fueron adecuadas. Las fragancias conservaron tanto su cardcter olfativo
como su intensidad, demostranado la estabilidad de ambas fragancias, y de los ambien-
tadores, durante dos afos, bajo las condiciones de almacenamiento ensayadas [21].

De los 100 jueces no entrenados que fueron encuestados, el total de respuestas de acep-
tacion fue considerablemente mayor que el total de respuestas de rechazo. Al 95 %
le agradé el olor que exhibia cada producto, entre el 90 y el 89 % los clasificé como
antihumedad/antitabaco, lo que permitié afirmar que los productos desarrollados fue-
ron aceptados por la mayoria de los jueces afectivos. Los resultados de la prueba de
estimacion de significacién demostraron que los valores de aceptacion obtenidos supe-
raron el valor critico (n= 59) para los dos atributos analizados (olor y antihumedad/
antitabaco), en ambos productos.

Resumiendo los resultados de la evaluacion sensorial (figura 3), se representan los nive-
les de agrado para los ambientadores antihumedad y antitabaco desarrollados. Para el
ambientador antihumedad, en el nivel de agrado del olor predominé el criterio de “Me
gusta mucho” (85), seguido de “Me gusta” (10). La puntuacién total determinada a
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partir de la sumatoria del criterio de aceptacion de los jueces fue de 4,74, que ubica al
atributo olor en la clasificacion de “Me gusta”. En el nivel de agrado de la perfumacién
o potencia predomind el criterio de “Me gusta mucho” (85) seguido de “Me gusta”
(15). La puntuacién obtenida de la sumatoria del criterio de aceptacién de los jueces
fue de 4,85 siendo este atributo clasificado de “Me gusta”. Por tltimo, para el nivel de
agrado de la fijacién o permanencia, predominé el criterio de “Duradera” (41), seguido
de “Moderada” (35) y de “Muy duradera” (18), con una puntuacién final de 3,35, clasi-
ficdndola como “Moderada”

Niveles de agrado

=o— Antihumedad

—e— Antitabaco

Fijacién ° " Perfumacion

Figura 3. Niveles de agrado para los ambientadores antihumedad y antitabaco desarrollados.

En el ambientador antitabaco (Figura 3), para el nivel de agrado del olor prevalecié el
criterio “Me gusta mucho” (91) seguido de “Me gusta” (4), con una puntuacion final de
4,63, lo que ubica al atributo olor en la clasificacién de “Me gusta”. En cuanto al nivel
de agrado de la perfumacién predomind el criterio de “Me gusta mucho” (51) seguido
de “Me gusta” (45), y una puntuacion final de 4,47 clasificdindolo como “Me gusta”. En
el nivel de agrado de la fijacién predominé el criterio de “Muy duradera” (62) seguido
de “Duradera” (21) y de “Moderada” (17), con una puntuacién de 4,45, clasificando la
fijacion del producto perfumado de “Duradera”

Estos resultados eran esperados por tratarse de una fragancia de la familia hespéride
o citrica (antihumedad), las que se caracterizan por ser muy voldtiles, y de la familia
maderable (antitabaco), constituida por elementos mas tenaces y de mayor persistencia.

Se puede afirmar que los métodos afectivos utilizados en la evaluacion sensorial de los
ambientadores antihumedad y antitabaco, demostraron la aceptacién de ambos pro-
ductos para aromatizar el ambiente.
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CONCLUSIONES

Los ambientadores antihumedad y antitabaco, empleando las fragancias fresca-made-
rable y especiosa-maderable seleccionadas, mantuvieron su estabilidad fisica y quimica
durante 24 meses, conservando sus notas olfativas inalterables, cumpliendo con todos
los pardmetros de calidad evaluados. Los métodos afectivos utilizados en la evaluacion
sensorial de los ambientadores antihumedad y antitabaco, demostraron la aceptaciéon
de ambos productos.
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RESUMEN

Introduccién: Durante el disefio y formulacién de formas farmacéuticas, o en caso
de alguna transformacién por la necesidad de ajustar la dosis o adecuarlo al estado
del paciente, es necesario verificar las caracteristicas quimicas, fisicas y biol6gicas de
todos los componentes que hardn parte de la formulacién del producto final. Lo
anterior con el fin de garantizar que la preparacion sea estable, eficaz, segura, fécil de
administrar y bien tolerada. Objetivo: Estudiar las propiedades fisicas y quimicas de
una preparacion extempordnea liquida de maleato de enalapril para administracion
peroral, elaborada a partir de tabletas comercialmente disponibles en el mercado
colombiano, haciendo uso de practicas comunes en los centros hospitalarios para
su preparacion. Materiales y métodos: Como vehiculos se utilizaron: una solucién
en proporcién 1:1 de dextrosa en agua al 5% y agua destilada (vehiculo 1) y una
solucién de la misma composicién del vehiculo 1 ajustada a pH 3,0 con 4cido
ascorbico (vehiculo 2). Las muestras se envasaron en frascos 4mbar o transparentes
y se almacenaron a 542 °C y 2542 °C durante 360 horas. El maleato de enalapril
se cuantific a las 0, 12, 24, 36, 48, 72, 120, 168, 240 y 360 horas, usando una
metodologfa validada, la cual demostré ser selectiva, lineal, precisa y exacta.
Resultados: Los resultados indican que el pH es un factor que afecta el tiempo

de vida util de las preparaciones liquidas extempordneas de maleato de enalapril.
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Estabilidad de una preparacion extempordnea de maleato de enalapril

La estabilidad de la preparacion extemporanea se conservo hasta 240 horas usando el

vehiculo 1y almacendndola a una temperatura de 5+2 °C en frasco émbar.

Palabras clave: maleato de enalapril, propiedades fisicoquimicas, preparacién extem-

porénea, estabilidad.

SUMMARY

Study of the physical, chemical and microbiological stability of an

extemporaneous preparation based on enalapril maleate

Introduction: During the design and formulation of pharmaceutical forms, or
in case of any transformation due to the need to adjust the dose or adapt it to the
patient’s condition, it is necessary to verify the chemical, physical and biological
characteristics of all the components that will be part of the formulation in the final
product. The above in order to ensure that the compounding it is stable, effective,
safe, easy to administer and well tolerated. Objective: To study the physical and
chemical properties of an extemporancous (compounding) liquid preparation of
enalapril maleate for peroral administration, prepared from tablets commercially
available in the Colombian market, using common practices in hospital centers for
its preparation. Materials and methods: The following were used as vehicles: a 1:1
solution of dextrose in 5% water and distilled water (vehicle 1) and a solution of the
same composition of vehicle 1 adjusted to pH 3.0 with ascorbic acid (vehicle 2).
Samples were packaged in amber or transparent bottles and stored at 542 °C and
2542 °C for 360 hours. Enalapril maleate was quantified at 0, 12, 24, 36, 48, 72,
120, 168, 240 and 360 hours, using a validated methodology, which proved to be
selective, linear, precise and exact. Results: The results indicate that pH is a factor
that affects the shelf life of extemporaneous liquid preparations of enalapril maleate.
The stability of the extemporaneous preparation was preserved up to 240 hours

using vehicle 1 and storing it at a temperature of 5+2°C in an amber bottle.

Keywords: enalapril maleate, physicochemical properties, extemporaneous prepara-

tion, stability.
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REsuMmoO

Estudo da estabilidade fisica, quimica e microbioldgica de uma
preparagao extemporanea a base de maleato de enalapril

Introdugio: Durante o desenho e formulagio de formas farmacéuticas, ou em caso
de qualquer transformacio devido 4 necessidade de ajuste de dose ou adaptagio a
condicdo do paciente, ¢ necessério verificar as caracteristicas quimicas, fisicas e biolo-
gicas de todos os componentes que fardo parte da formulagio do produto final. Tudo
isto para garantir que a preparacio ¢ estdvel, eficaz, segura, ficil de administrar e bem
tolerada. Objetivo: Estudar as propriedades fisicas ¢ quimicas de uma preparagio
liquida extemporinea de maleato de enalapril para administragio peroral, prepa-
rada a partir de comprimidos comercialmente disponiveis no mercado colombiano,
utilizando préticas comuns em centros hospitalares para sua preparagio. Materiais
e métodos: Foram utilizados como veiculos: uma solugio 1:1 de dextrose em 5% de
4gua e 4gua destilada (veiculo 1) e uma solugio de mesma composigao do veiculo 1
ajustada para pH 3,0 com 4cido ascérbico (veiculo 2). As amostras foram acondicio-
nadas em frascos Ambar ou transparentes ¢ armazenadas a 5+2 °C ¢ 2542 °C por 360
horas. O maleato de enalapril foi quantificado nos tempos 0, 12, 24, 36, 48, 72, 120,
168,240 ¢ 360 horas, utilizando metodologia validada, que se mostrou seletiva, linear,
precisa ¢ exata. Resultados: Os resultados indicam que o pH ¢ um fator que afeta o
prazo de validade das preparagées liquidas extemporaneas de maleato de enalapril. A
estabilidade da preparagio extemporanea foi preservada por até 240 horas utilizando o

veiculo 1 e armazenando-a & temperatura de 5+2°C em frasco Ambar.

Palavras-chave: maleato de enalapril, propriedades fisico-quimicas, preparagio

extemporanea, estabilidade.

INTRODUCCION

Para realizar el disefio y formulacién de formas farmacéuticas es necesario verificar las
caracteristicas quimicas, fisicas y biol6gicas de todos los componentes que hardn parte
de la formulacién del producto, considerando tanto los ingredientes activos como los
excipientes. Todos estos deben ser compatibles entre si con el fin de garantizar que el
producto farmacéutico sea estable, eficaz, seguro, ficil de administrar y bien tolerado.

Otro aspecto que se debe considerar durante el diseno y formulacién de medicamentos
es la edad del paciente: un adulto, un nifio o un neonato tienen grandes diferencias
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fisiolégicas, por lo que las dosis de administracion de un farmaco para estos pacientes
suelen ser diferentes. Algunas formas farmacéuticas que se encuentran en el mercado
no son muy practicas para usarlas en nifios, neonatos y personas de la tercera edad,
porque han sido disefiadas para personas adultas y los requerimientos de dosis para
estos pacientes varfan segun su peso corporal o drea superficial. Ademds, se debe tener
en cuenta que los bebés y usualmente nifios menores de 5 afios son incapaces de tragar
o deglutir una forma farmacéutica s6lida, como lo son las tabletas y cipsulas; requirién-
dose para estos pacientes formas farmacéuticas liquidas en lugar de las sélidas. De esta
manera una preparacion liquida podria ser ttil parala administracién peroral de farma-
cos en infantes, nifios y personas de la tercera edad pues seria posible ajustar la dosis del
farmaco variando el volumen administrado. Sin embargo algunos firmacos no suelen
ser estables por mucho tiempo en un medio liquido, situacion que explica la razdén por
la cual estos firmacos no se encuentran comercializados en esta forma farmacéutica.

La accién miés frecuente para manejar la prescripcion en lactantes, en los centros hos-
pitalarios, es realizar la trituracién de una forma de dosificacién disponible (tabletas,
cépsulas) hasta la obtencién de un polvo fino y mezclar con un liquido, quedando gene-
ralmente en forma de suspension. En pacientes jovenes se prefiere mezclar el polvo con
alimentos liquidos para enmascarar su sabor amargo [1, 2]. Estas técnicas de admi-
nistracion hospitalaria pueden llevar a una imprecisién en la dosificacion del formaco
administrado, teniendo ademas inconvenientes relacionados con el desconocimiento
de la estabilidad de la preparacion en los medios liquidos utilizados.

Debido a estas necesidades que se presentan en los hospitales, el farmacéutico busca
elaborar una preparacién extemporanea liquida, para administraciéon peroral a par-
tir de tabletas o cdpsulas, utilizando como medio de transporte del firmaco, solucio-
nes manejadas en el 4mbito hospitalario como son: la solucién salina, la solucién de
dextrosa entre otras, sin garantizar la estabilidad de dicha preparacién. Por lo tanto,
durante la transformacién son pardmetros a considerar: la solubilidad y estabilidad del
firmaco, el pH y la composicién del medio de suspension [1].

Los firmacos en preparaciones extempordaneas liquidas pueden sufrir reacciones qui-
micas que llevan a la degradacidn, entre las que se encuentra reacciones de hidrolisis,
oxidacion o reduccion. El pH y otros factores pueden influir en la velocidad o el tipo de
reaccion; por ejemplo, esta degradacién quimica generalmente aumenta con la tempe-
ratura, siendo una condicién a tener en cuenta en los ensayos de estabilidad acelerada.
Es importante evaluar el cambio de color, olor y pH, que pueden ser una manifestacion
de inestabilidad fisicoquimica y a su vez se debe observar si se presenta sedimentacién
de los farmacos que puedan causar dificultad en la redispersion de la formulacién. Por
otro lado, el crecimiento microbiano en la preparacion puede causar mal olor y turbi-
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dez, afectando notablemente su apariencia y estabilidad, ademds puede conducir a un
cambio de pH de la formulacién y asi reducir la estabilidad quimica y solubilidad del
firmaco como consecuencia de los subproductos del metabolismo microbiano. Esto
hace que sea necesario contar con un 4rea limpia, materias primas y envases que garan-
ticen la estabilidad microbiolégica adecuada para la preparacion [3, 4].

Es asi como estas propiedades fisicas, quimicas y microbioldgicas juegan un papel fun-
damental en la estabilidad de la preparacion extempordnea. Es importante resaltar que
la estabilidad, entendida como la conservacién dentro de limites especificados durante
el periodo de almacenamiento y utilizacion de las propiedades y caracteristicas que pre-
sentaba cuando se elabord, sera de dias e incluso horas para el caso particular de las pre-
paraciones extempordneas; sin embargo, se considera un tiempo adecuado y suficiente
para satisfacer las necesidades terapéuticas de un paciente que requiere de la adecuacion
de una forma farmacéutica, [5-8].

Por tal razén, surge el propdsito del presente estudio: preparar una forma de dosifi-
cacién liquida peroral extemporinea de maleato de enalapril con vehiculos de facil
acceso. En pediatria el enalapril es uno de los firmacos méds ampliamente utilizados en
cardiologfa [9], se emplea para el tratamiento de la hipertension esencial y renovascu-
lar y en la insuficiencia cardiaca congestiva [1]. En Colombia, el maleato de enalapril
se encuentra disponible en tabletas de 5, 10 y 20 mg, no encontréndose suspensiones
comercialmente disponibles para administracién peroral que puedan ser usadas para
tratar a nifios o ancianos que no pueden tragar o deglutir las tabletas [10].

Aungque se han realizado estudios para asegurar la estabilidad de preparaciones extem-
poréneas, algunos de estos trabajos han utilizado vehiculos que son comerciales y para
los hospitales, especialmente aquellos de niveles Iy I1, no existe facilidad para su adqui-
sicion. Para garantizar que los hospitales puedan elaborar la preparaciéon extempora-
nea, se han considerado como los vehiculos seleccionados, aquellos de uso frecuente en
estas instituciones; ya que el empleo de otros medios, aunque logren brindar estabili-
dad a la preparacién liquida de maleato de enalapril, podrian ser de dificil acceso al ser
vehiculos de marcas comerciales [1, 10].

MATERIALES Y METODOS

Equipos

Cromatégrafo Merck Hitachi modelo D-7000, con detector UV de arreglo de diodos,
columna cromatogréfica RP 18 de 150 x 4,6 mm y tamano de particula 5 um, balanza
analitica Mettler Toledo XP 205 serie 1126300620, bafio de ultrasonido US-0061
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Elma E 300H Elmasonic, termohigrémetro Digital Traceable VWR, bafio maria Pre-
cisidn Scientific modelo TS-66618 AZ-1.

Materiales

Tabletas de maleato de enalapril de 20 mg, estindar USP de maleato de enalapril, agua
destilada, metanol calidad HPLC (Merck), fosfato de potasio (Merck), dcido clorhi-
drico (Merck), hidréxido de sodio grado reactivo (Merck), dcido ascédrbico (Research
Pharmaceutical S,A), 4cido ortofosférico (Merck), peréxido de hidrégeno (Merck) y
dextrosa al 5% USP (Baxter).

Preparacion de la suspension extemporinea

En un mortero de porcelana con pistilo, se trituraron 20 tabletas de maleato de enala-
pril hasta obtener un polvo fino. De la mezcla se pesé el equivalente a 20 mg de maleato
de enalapril (previa determinacion de la variacion de peso), la cual se llevé a un balén
aforado de 200 mL y se adicioné 50 mL del vehiculo seleccionado (vehiculo 1: solu-
cién dextrosa 5% y agua 1:1 6 vehiculo 2: solucién dextrosa 5% y agua 1:1 pH ajus-
tado a 3,0 con 4cido ascdrbico), se agitd vigorosamente hasta obtener una suspension
homogénea. Finalmente, se completd a volumen con el vehiculo seleccionado, se agit6
nuevamente y se envas en frascos de pldstico &mbar o transparentes con capacidad de
60 mL y tapa rosca plastica. Las preparaciones extemporaneas de maleato de enalapril
fueron almacenadas a (5+2) °C (nevera PHILIPS Polarix) y a (2542) °C (estufa de
calentamiento IKA C-MA6-HS7).

Estandarizacion del método

Se desarroll6 y valid6 la metodologia para este producto teniendo como punto de par-
tida las condiciones cromatograficas aplicadas para un estudio de estabilidad quimica
de maleato de enalapril del Departamento de investigacién de la Universidad de Con-
cepcidn, Chile [11, 12]. Se modificé el método para la estandarizacién y optimizacién
de las condiciones cromatogriéficas, con el fin de lograr parimetros cromatogrificos
que representaran la idoneidad del sistema para la cuantificacién del principio activo
en suspension [13, 14].

Preparacion de la muestra

La muestra fue obtenida mediante la trituracion de 20 tabletas hasta obtener un polvo
fino (de la mezcla se pesé el equivalente a 20 mg/tableta de maleato de enalapril). Una
porcion de 1450 mg del polvo se transfirié a un balén aforado de 200 mL, se adiciona-
ron 50 mL del vehiculo 1y se agité vigorosamente hasta obtener una suspensién homo-
génea, se complet6 volumen con el vehiculo seleccionado y se agité nuevamente. Igual
procedimiento se siguié para el vehiculo 2. Posteriormente, se transfirié una alicuota
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de 5 mL a un balén aforado de 25 mL, se diluyé con agua, agitando vigorosamente y
aforando a continuacién con agua.

Selectividad

La selectividad se evalué en relacién a los excipientes y a los productos de la degra-
dacion forzada del activo. Para ello, se preparé una mezcla de los componentes de la
formulacién de la tableta de maleato de enalapril, pesando el doble de la cantidad en
que se encuentran en la suspensién (excluyendo al principio activo) y se llevé el placebo
a una concentracion similar a la de las muestras durante el analisis de cuantificacién
del analito de interés. Tanto los excipientes que hacen parte de la matriz de las tabletas
como el maleato de enalapril fueron sometidos a degradacién forzada realizando prue-
bas de hidrélisis acuosa, 4cida, bésica, sometiendo las muestras a calentamiento en cada
caso a una temperatura de 70 °C por 12 horas. Las degradaciones se llevaron a cabo con
NaOH 0,IN, HCI 0,1N, peréxido de hidrégeno al 3% y exposicién al medio ambiente

por 12 horas diarias, dia luz, durante cuarenta horas.

Linealidad

La linealidad del sistema y del método se determiné analizando la matriz de la suspen-
sion enriquecida con el estdindar de maleato de enalapril en concentraciones 0,10, 0,15,
0,20, 0,25y 0,30 mg/mL.

Precision
La repetibilidad se evalué mediante la preparacion de una solucién de muestra a la con-
centraciéon nominal del 100% (aproximadamente 0,2 mg/mL de maleato de enalapril).

La precisién intermedia se evalud entre dias y entre analistas, realizando determinacio-
nes en dos dias diferentes, por dos analistas y valorando tres réplicas por dia.

Exactitud

Se determin la exactitud de la metodologia para tres niveles de concentracién 0,1,
0,2y 0,3 mg/mL, equivalentes al 50% 100% y 150% respectivamente y realizando tres
réplicas para cada nivel.

Procesamiento de las muestras para andlisis

La evaluacién de la concentracion remanente de activo de cada una de las muestras se
valoré por duplicado utilizando el método por HPLC previamente validado. Para esto,
antes de llevar las muestras de las preparaciones elaboradas al equipo HPLC fueron
filtradas a través de membranas de 0,45 um y posteriormente se pasaron por un filtro de
jeringa hidrofilico de PTFE (politetrafluoroetileno) de 0,22 um. El volumen restante
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de las muestras (antes de filtrar) se utilizé para evaluar la estabilidad fisica y microbio-
l6gica. El estudio se llevd a cabo segtin tiempos de andlisis preestablecidos de 0, 12, 24,
36, 48,72, 120, 168, 240 y 360 horas, en dos lotes de una marca comercial de maleato
de enalapril escogida al azar.

Evaluacion de la estabilidad fisica

Las propiedades fisicas de cada una de las muestras fueron evaluadas mediante la obser-
vacién del color y olor, medicién de pH en las diferentes condiciones del estudio y
comparando con un blanco. El resultado fue reportado como cambio o no cambio y los
valores de pH se determinaron en un pH-metro Mettler Toledo Seven Easy.

Evaluacion de la estabilidad quimica

Para la evaluacién de las propiedades quimicas se realizé el andlisis del porcentaje
remanente de enalapril maleato encontrado en cada muestra almacenadas a 5°C+2°C
y 25°C+2°C en frasco ambar o transparente, en funcién del tiempo para los dos lotes,
cada uno con dos réplicas. Al iniciar el almacenamiento y al cabo de 12, 24, 36, 48, 72,
120, 168, 240 y 360 horas, las muestras fueron evaluadas. Se tuvo en cuenta que segun
lo exigido por la norma el porcentaje de enalapril debe encontrarse entre 90y 110% [8].
La determinacién del tiempo de vida ttil se realizé para la mejor condicidn y se calculd
mediante un analisis de varianza para la regresion, con el cual ademas se comparé la
diferencia estadistica entre los dos lotes.

Evaluacion de la estabilidad microbioldgica

Para el estudio microbiolédgico se realizé un recuento de acrobios meséfilos, mohos y
levaduras, y ausencia de Staphylococcus aureus, Salmonella, Escherichia coli y Pseudo-
monas aeruginosa. Para el recuento de aerobios mesofilos y de mohos y levaduras se
realizaron las diluciones requeridas (10, 10, 10°) teniendo en cuenta de no utilizar
menos de 1 gde la muestra a ser examinada. Para acrobios meséfilos las diluciones fue-
ron vertidas en Agar Tripticasa de Soya fundido y se incubaron por 3 dias entre 30 y 35
°C y para mohos y levaduras en Agar Sabouraud y se incubaron las cajas de Petri por 3
diasa20 - 25 °C. Utilizando el contador de colonias, se realizé el recuento de las cajas y
el calculo estindar en placa. Para S. aureus se utiliz6 una caja con Agar Manitol-Salado
y se incub6 durante 72 horas a 30 — 35 °C; se observo la aparicién de colonias tipicas de
S. aureus amarillas o blancas rodeadas por una zona amarilla, si pasado este tiempo no
aparecian colonias se reportaba como ausencia de S. aureus. Para Salmonella se inoculd en
placas de Agar XLD (Xilosa-Lisina ~Desoxicolato) y se incubé a 30 — 35 °C durante 48
horas; la presencia de colonias bien desarrolladas de color rojo con o sin centro negro
indicaba la posible presencia de Salmonella. Para E. coli se cultivé en placa de Agar
MacConkey y se incubé a 30 — 35 °C, durante 72 horas; posteriormente se realizé la
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observacién de crecimiento o no crecimiento de E. coli. Para Pseudomonas se utiliz6é un
Agar Cetrimide y nuevamente se incub6 a 30 — 35 °C durante 18 — 72 horas; posterior-
mente se realizé la observacion de crecimiento o no crecimiento. Las muestras cumplen
con las especificaciones si no hay presencia de colonias o si las pruebas confirmatorias
son negativas. El estudio microbioldgico de las preparaciones extempordneas se realizé
durante 10 dias.

RESULTADOS Y DISCUSION

Sistema de idoneidad

La idoneidad del sistema cromatogréfico se verificé empleando el estindar de maleato
de enalapril USP a una concentracién de 0,1 mg/mL con un coeficiente de variaciéon
para las dreas de 0,297%, tomando como referencia un valor de no més de 2,0% en
inyecciones repetidas [8].

El factor de capacidad fue 1,46, el ntimero de platos teéricos fue 5471 (CV 0,66%) y el
factor de asimetria 1,16 (CV 1,97%). El anlisis cromatogréfico indica que los resulta-
dos obtenidos del coeficiente de variacion para los pardmetros de tiempo de retencién,
dreas, factor de capacidad, platos tedricos y asimetria cumplen con lo establecido por la
farmacopea USP 38 [8]. Por tal razdn, el sistema cromatografico es confiable y se puede
utilizar para la validacién de la metodologia propuesta y el andlisis del producto.

Estandarizacion del sistema cromatogréfico

Después de realizar modificaciones en las condiciones cromatogréficas y siguiendo las
condiciones planteadas por el Departamento de investigacién de la Universidad de
Concepcidn [12], se determiné que las condiciones cromatogréficas empleadas en el
estudio fueran las siguientes: columna RP 18 de 150 x 4,6 mm, tamano de particula 5
im, temperatura de la columna 23 + 2 °C, fase mévil 55% metanol 45% buffer fosfato
0,01 M ajustado con 4cido fosférico a pH 2,2, flujo de la fase mévil: 1 mL/min, volu-
men de inyeccién: 20 pL y longitud de onda de deteccién: 215 nm.

Contenido tedrico de la preparacion de la muestra. Al seguir el procedimiento de pre-
paracién de la muestra empleando como vehiculo la mezcla dextrosa al 5% y agua en
proporcion 1:1, al igual que el vehiculo 2, la concentracién esperada de maleato de
enalapril obtenida fue de 0,2 mg/mL.

Selectividad

El analisis cromatogrifico de las muestras evaluadas permite evidenciar que ni los exci-
pientes de la matriz ni los productos de degradacion interfieren con las senales corres-
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pondientes al enalapril maleato (Figura 1). Lo anterior permite concluir que el método
es selectivo y facilita la cuantificacion del principio activo. En los cromatogramas de la
degradacion del enalapril maleato sufrida en las condiciones de estrés se identifica que
el pico correspondiente al enalapril maleato tiene un tiempo de retencién de 3,0-3,28
y los otros picos en tiempos de retencién diferentes. Bajo condiciones de hidrdlisis y
oxidacion el enalapril se degrada en varios compuestos como la dicetopiperazina con
un tiempo de retencién de 5,40-5,61 y el dcido malico con un tiempo de retencién
aproximado de 1,0, los otros picos muy posiblemente se deban a impurezas que no han
sido identificadas que aparecen con un tiempo de retencién de 1,59y 1,60 y la senal 4,2
posiblemente corresponda ala Vitamina C [15].
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Figura 1. Selectividad frente a los excipientes.

Linealidad

Dentro de los rangos de concentracién estudiados, tanto para el sistema como para el
método, se obtuvo un comportamiento lineal, con un coeficiente de determinacion de
0,999. Mediante la prueba # se determiné que los interceptos no son estadisticamente
diferentes de cero y que las pendientes son estadisticamente diferentes de cero. Los
resultados del analisis de varianza para la linealidad del sistema y del método, mediante
las pruebas F'y ANOVA, nos podrian indicar que estadisticamente no hay dispersion
de los resultados entre réplicas para las distintas concentraciones, asimismo los F calcu-
lados tanto para el sistema como para el método son menores al valor del F de la tabla,
corroborando el cumplimiento de la linealidad de la metodologia (Tabla 1).
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Tabla 1. Pardmetros de validacién de la metodologfa analitica

] Prueba Estadistico | Estadistico
Parametro ;o . Concepto
estadistica | experimental | tabulado
L1ne.ahdad Pruc.ba Fde 28512.406 4670 .}:vexp>}7(.ab o
del sistema Fisher La regresidn es significativa
Linealidad | Prueba Fde Fop>Foy,
del método Fisher 23936,058 4,960 La regresion es significativa
F <F
. ey C);P tal
'Pr:mslog Prl;e,bﬁ Fde 1,336 4,387 No existe diferencia significativa
1ntermedia 1shet entre los resultados
tcxp>ttab
Pgiiiiife 2,439 2,306 Hay diferencia significativa entre

) los datos

Exactitud
Gtx < Gtab
Prueba de P
Cochran 0,521 0,870 La concentracién no afecta la
ochra variabilidad de los resultados

Precision

Los coeficientes de variacion obtenidos para la precision del sistema y del método fue-
ron 0,50% y 1,11% respectivamente, los cuales son inferiores al valor maximo aceptado
para métodos cromatograficos (2%), indicando una adecuada repetibilidad para el sis-
tema como para el método. Para la precisién intermedia del método el coeficiente de
variacién de las respuestas fue de 1,09%. El anélisis de varianza, mediante un test £,
indica que no existe diferencia significativa en los resultados por cambio de analistas o
al realizar el andlisis en diferentes dias (Tabla 1).

Exactitud

Los porcentajes de recuperacién obtenida se encontraron en un intervalo entre 100,08
y 101,92%, cumpliendo con el criterio de aceptacion, donde el promedio total de los
porcentajes recuperados debe estar entre el rango de 98 y 102 %, En la prueba # de Stu-
dent, el valor #,,, > #.,, conduce a fallar en el rechazo de la hipétesis nula Ho y por tanto,
se concluye que la probabilidad de obtener un valor # con ocho grados de libertad,
igual o mayor a 2,4398 es aproximadamente 0,005, cuando el promedio es 100,877; es
decir, no existe diferencia estadisticamente significativa entre los datos y el 100%. La
prueba de Cochran indica que el nivel de concentracién no afecta la variabilidad de los

resultados, al ser G.,, < G tabla (Tabla 1).

exp
Propiedades fisicas (estabilidad fisica) de las formulaciones

En todas las muestras de estudio no se observaron cambios de color ni olor de la sus-
pension, permaneciendo con el color y olor caracteristicos de la muestra inicial. Asi-
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mismo, la variacién de pH en las diferentes condiciones de estudio no es significativa, lo
que indica que quimicamente es estable frente a esta condicién. Sin embargo, al comparar
el remanente de activo en los dos vehiculos empleados, se evidencia que en el vehiculo 2
el porcentaje de remanente de activo sale de los limites en un menor tiempo a compa-
racién del vehiculo 1.

Tabla 2. Datos de estabilidad utilizando el vehiculo 1 (dextrosa 5% - agua 1:1).

Tiempo de N° muestra Lote 1 Lote 2
muestreo  t (°C) (vial (1) Ambary % H % o
(Horas) (2) Transparente) Remanente P Remanente P
100,662 103,450
5+2°C : 100950 ®% 10296 &Y
- 5 100,662 642 103,450 639
0 100,950 ’ 102,965 ’
100,662 103,450
2542°C ! 100950 °* 102965 ¥
- 5 100,662 6.42 103,450 639
100,950 ’ 102,965 ’
101,072 100,983
542°C ! 100,634 641 101,818 641
h 5 99,396 6.40 99,790 639
12 98,402 ’ 101,824 ’
99,687 99,518
2542 °C ! 100,982 640 98,819 640
- 5 100,100 641 98,669 639
100,546 ’ 98,861 ’
99,055 101,235
542°C ! o674 | ©¥ 101235 &%
- 5 98,097 642 99,753 6.40
24 99,975 ’ 100,800 ’
100,096 99,593
2542°C ! 99994 3% 99083 &
- > 97,780 641 100,924 641
99,028 ’ 100,691 ’
100,595 101,393
542 °C ! 100,224 6,38 100,299 6,40
- 100,290 101,055
36 2 99,545 637 99,313 643
99,485 101,154
2542°C : 99531 O qop0s9 640
- 5 100,317 6.42 100,365 637
99,219 ’ 101,250 ’
(Contintia)
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Tiempo de N° muestra Lote 1 Lote 2
muestreo  t (°C) (vial (1) Ambary % o % o
(Horas) (2) Transparente) Remanente P Remanente P
100,131 99,237
s42°C : 97383 ©%  g9qrs &4
- 5 99,422 634 98,307 636
43 100,013 ’ 98,307 ’
99,954 101,630
2542 °C 1 99,365 6.39 98,730 6,38
- 5 99,458 6.40 99,176 6.40
98,198 ’ 99,176 ’
101,759 100,096
54+2°C ! 100,797 6.38 100,995 642
- 2 100,529 636 100,040 636
7 99,608 ’ 99,892 ’
100,686 100,714
2542°C ! 100,686 6,34 100,115 6,34
- 5 100,430 637 100,183 641
100,430 ’ 100,020 ’
97,765 98,854
542°C : 97865 ¥ ogere 0%
- ) 99,862 6.40 99,625 638
120 99,210 ’ 99,634 ’
97,765 99,114
rsareC ! o765 O ogam &3
- ) 98,346 635 98,356 636
97,429 ’ 98,820 >
96,441 95,763
. ! 97052 © 96591 &8
h 96,451 97,097
68 - 97896 ¥ onie9 OV
96,019 95,062
rsareC ! 96032 O ggesq &Y
- 5 94,764 638 95,143 639
94,408 ’ 95,120 ’
90,197 91,038
5+2°C ! 90,774 6,36 90,517 6.32
- ) 90,881 638 90,057 636
240 91,116 ’ 89,556 ’
1 90,197 632 88,366 635
2542°C 90,774 88,940
- 2 90,008 634 89,092 638
90,729 ’ 89,146 ’
(Contintia)
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Tiempo de N° muestra Lote 1 Lote 2
muestreo t(°C) (vial (1) Ambary % H % H
(Horas) (2) Transparente) Remanente P Remanente P
90,604 89,335
s ! 89760 90035 628
- 5 89,395 630 89,049 634
360 90,379 ’ 90,155 ’
] 89,177 6.30 89,477 627
2542°C 89,285 88,215
- 5 89,686 628 90,008 625
90,246 ’ 90,078 ’
Tabla 3. Datos de estabilidad utilizando el vehiculo 2 (dextrosa 5% - agua 1:1, pH 3,0),
Tiempo de N° muestra Lote 1 Lote 2
muestreo t (°C) (vial (1) Ambary % o % o
(Horas) (2) Transparente) = Remanente p Remanente P
101,740 101,111
542°C ! 101,510 305 102,796 302
- ) 101,740 3.05 101,111 302
0 101,510 ’ 102,796 ’
101,740 101,111
2542°C ! 101,510 305 102,796 302
- ) 101,740 3.05 101,111 3.02
101,510 ’ 102,796 ’
98,737 100,961
542°C ! 98,982 305 100,120 3,04
B 97,928 99,616
b 2 98,144 303 99,427 302
97,949 98,345
1 ,0 ,02
2542°C 99,484 305 99,329 3
- 5 98,380 3.04 98,276 3,02
98,695 ’ 100,647 '
92,947 98,567
1 ,02 ,01
5+2°C 93,304 3 97,586 3
- 5 92,247 3.04 96,542 3,00
24 91,993 ’ 97,344 ’
1,62 21
1 91,629 3,01 97,216 3,02
2542°C 91,125 95,133
B 5 97,073 305 96,400 299
96,205 ’ 95,097 ’
(Contintia)
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Tiempo de N° muestra Lote 1 Lote 2
muestreo t (°C) (vial (1) Ambary % o % o
(Horas) (2) Transparente) ~Remanente p Remanente P
88,562 94,594
1 ,0
5+2°C 86,986 3,05 94,594 303
- 91,064 94,599
36 2 89,167 3,04 93,231 302
92,548 94,935
Yoarec ! 89647 0% 94035 | U
- 92,730 96,229
2 91,714 3,04 94,318 302

Estabilidad quimica de las formulaciones

Respecto a la variacién de la concentracién de enalapril maleato se observa que la sus-
pension envasada en frasco dmbar o transparente estudiadas a 5+2 °C 0 2542 °C y
utilizando el vehiculo 1 (tabla 2) en las primeras 240 horas, no presentd variacién de
la concentracidn del activo; los valores de la cantidad remanente se encuentran dentro
del porcentaje del 90 al 110% exigido por la norma, lo que indica que quimicamente
hasta este tiempo es estable. A partir de las 240 horas se presenta una disminucion del
porcentaje, alcanzando el 89,335%. Estadisticamente su diferencia no es significativa,
pero no cumpliria la norma del porcentaje de la cantidad remanente, indicando que se
empieza a mostrar una posible influencia de la condicién de exposicién o del vehiculo
de la preparacion. Respecto al pH de la suspension utilizando el vehiculo 1 se observa
que su variacién no es significativa durante el tiempo ni en las condiciones del estudio;
encontrandose un valor promedio de pH de 6,37 para las preparaciones.

La preparacién con el vehiculo 2 ajustado a pH 3,0 tienen un tiempo méaximo de esta-
bilidad de 24 horas envasada en frasco 4mbar o transparente y estudiada a 5+2 °C o
2542 °Cyla cantidad del activo se encuentra dentro de los limites permitidos. A partir
de este tiempo disminuye la cantidad remante del enalapril maleato y posiblemente se
debe al pH que acelera los procesos degradativos, estando de acuerdo con lo reportado
en la literatura [12], que en medio 4cido y especificamente en pH de 4,6 2 4,8 la prepa-
racion es més estable. Pero a valores de pH menores a 4 se acelera la degradacién con la
formacién del enalapril dicetopiperazina con un porcentaje cercano al 17 %

Estabilidad microbiolégica de las formulaciones

Durante los diez dias (240 horas) del estudio microbioldgico de las muestras (tabla 4),
se evidencié que las preparaciones extemporaneas cumplen con las especificaciones de
recuento microbioldgico, lo cual indica las buenas condiciones de limpieza e higiene
en la elaboracién y envase y que deben ser consideradas en el protocolo de elaboracién.
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Tabla 4. Resultados estudio microbiol6gico

Prueba Especificaciones Resultados
Recuento de aerobios meséfilos Mix, 1000 UFC/g Menora 10 UFC/g
Recuento de mohos y levaduras Mix, 1000 UFC/g Menora 10 UFC/g
Staphylococcus aureus Ausentes Cumple
Salmonella Ausentes Cumple
Escherichia coli Ausentes Cumple
Pseudomonas Ausentes Cumple

Determinacién del tiempo de vida util de la preparacién extemporinea

Teniendo en cuenta que la preparacién extemporanea presenta una mayor estabilidad en
el vehiculo 1 (dextrosa al 5% - agua 1:1), bajo la condicién de temperatura de 5+2°Cy
almacenada en frasco transparente, se utilizaron los datos de porcentaje remanente de
activo de esta condicién (tabla 2) para determinar el tiempo de vida util de la prepara-
cién extemporanea, Se realizé el analisis de regresion lineal para los lotes uno y dos. El
tratamiento estadistico realizado indica que no existen diferencias significativas entre
los lotes 1y 2 (tabla 5), ya que los valores de los F calculados son menores que los F
de la tabla, por lo cual se acepta la hipétesis nula, Los resultados obtenidos permiten
combinar los datos de ambos lotes para estimar la degradacién de la preparacion extem-
pordnea en la condicién de estudio establecido para la muestra.

Tabla 5. Resumen tratamiento estadistico determinacién del tiempo de vida ttil vehiculo dextrosa

5% - agua 1:1, frasco transparente, 5+2 °C.

Comparacion entre lotes SCR Ho: L1=L2
Lote 1 46,78688541 Seacepta Ho
Lote 2 70,25090841
Lote 142 120,1328406
Comparacién gln gld F calculado F tabla (2=0,05)
Modelos 2 36 0,476007288 3,232
Pendientes 1 36 | 0,952014575 4,085
Interceptos 1 37 0,978459424 4,085

gln: grados de libertad del numerador, gld: grados de libertad del denominador
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Tiempo de vida til vehiculo 1, T: 5+:2°C, frasco transparente
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Figura 2. Tiempo de vida util vehiculo dextrosa 5% - agua 1:1, frasco transparente, 5+2°C.

En la grafica para la determinacién de la vida til de la preparacién extemporinea
(Figura 2) se observa una pendiente negativa, lo que indica la degradacién del activo en
funcién del tiempo bajo la condicién de estudio. Tomando como limite de confianza el
90% de la concentracién de activo (remanente) se logra determinar que en un tiempo
menor a 250 horas la preparacién extempordnea cumple lo establecido por la norma
respecto a la cantidad de activo, lo cual garantiza una respuesta terapéutica por parte
del enalapril maleato.

CONCLUSIONES

Los resultados de la validacién de la metodologia por HPLC muestran que es selectiva,
lineal, precisa y exacta, por lo tanto es confiable para ser utilizada en la cuantificacion
del activo enalapril maleato presente en esta preparacién extempordnea.

El estudio de estabilidad realizado indica que la preparacién extemporanea de enalapril
maleato elaborada con el vehiculo 1 (dextrosa al 5% - agua en mezcla 1:1) es quimica-
mente mas estable durante un tiempo de 240 horas, almacenada a una temperatura de
542 °Cy 2542 °C en frasco transparente o 4mbar. Ademds, no se observaron cambios
significativos de pH, olor y color que puedan afectar la estabilidad de la suspension en
el tiempo de estudio. La preparacion elaborada con el vehiculo 2 (dextrosa al 5% - agua
1:1 y ajustada a pH 3,0) es mds susceptible a la degradacion, lo que indica que no es
recomendable utilizar este vehiculo en la elaboracion de la preparacién extempordnea.

Como resultado de la investigacion se establecié el protocolo para la preparacién
extemporanea que garantiza su estabilidad durante 10 dias siempre y cuando se alma-
cene a una temperatura de 5+2 °C. Este corresponde a tomar 5 tabletas de enalapril
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maleato con un contenido de10 mg por tableta, triturar hasta polvo fino y adicionar
25 mL de solucién de dextrosa al 5% y 25 mL de agua destilada, obteniendo una sus-
pension en concentracién del activo de 1 mg/mlL, envasar en frasco &mbar de 60 mL
con tapa rosca, etiquetar correctamente y dosificar segtin recomendacién médica.
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SUMMARY

Introduction: Medicines aims to improve the health of the population; for this
reason, pharmaceutical ingredients with a high purity level are necessary. In this
context, the impurity content is one of the premises in the manufacture of the phar-
maceutical ingredients; to comply with this parameter several unit operations can be
implemented. In this regard, the pharmaceutical salts can be used as an alternative in
the purification process to generate pharmaceutical ingredients with a high purity.
Purpose: This review will discuss in first instance, the importance of the impuri-
ties in the regulated environment (known, unknown impurities, genotoxic, residual
solvents, and elemental impurities). Continuing with the basis of the pharmaceutical
salts including functional groups that can form salts, basis of generation and hydro-
lysis and the main characteristic: the change in the solubility properties due to the
formation of the ionic bond. This part also includes general references of previous
works and compilations. The next part involves two methodological approaches
to purify pharmaceutical ingredients. The first approach is based in salt formation
extractions followed by salt hydrolysis. The second tactic is based on salt formation
and the solubility properties. Results: Some examples will demonstrate the advan-
tages of these tools. One interesting input is the compilation of several synthetic
method to form salts, including examples and alternatives for sensitives cases (water,
solid form, ion interchange, etc.). Finally, the salt structure determination will be

commented on including the main characterization methodologies.

Keywords: Pharmaceutical salts, impurity content, salt formation, salt hydrolysis,

purification, extractions, solubility change, synthesis.
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RESUMEN

Sales organicas como herramienta para la purificacién de
ingredientes farmacéuticos: revision bibliografica

Introduccién: Los medicamentos tienen como objetivo mejorar la salud de la
poblacién; por este motivo, son necesarios ingredientes farmacéuticos con un alto
nivel de pureza. En este contexto, el contenido de impurezas es una de las premisas
en la fabricacién de los ingredientes farmacéuticos; para cumplir con este pardmetro
se pueden implementar varias operaciones unitarias. Objetivo: En este sentido, las
sales farmacéuticas se pueden utilizar como una alternativa en el proceso de puri-
ficacion para generar ingredientes farmacéuticos con una alta pureza. Esta revi-
sion discutird en primera instancia la importancia de las impurezas en el ambiente
regulado (impurezas conocidas, desconocidas, genotdxicas, solventes residuales e
impurezas elementales). Continuando con la base de las sales farmacéuticas inclu-
yendo los grupos funcionales que pueden formar sales, base de generacion e hidré-
lisis y la caracteristica principal: el cambio en las propiedades de solubilidad debido
a la formacién del enlace idnico. Esta parte también incluye referencias generales
de trabajos y compilaciones anteriores. La siguiente parte involucra dos enfoques
metodoldgicos para purificar ingredientes farmacéuticos. El primer enfoque se basa
en extracciones de formacidn de sales seguidas de hidrélisis de sales. La segunda
tictica se basa en la formacién de sales y las propiedades de solubilidad. Resultados:
Algunos ejemplos demostraran las ventajas de estas herramientas. Un aporte intere-
sante es la recopilacién de varios métodos sintéticos para formar sales, incluyendo
ejemplos y alternativas para casos sensibles (agua, forma sélida, intercambio iénico,
etc.). Finalmente, se comentard la determinacién de la estructura de la sal incluyendo

las principales metodologfas de caracterizacion.

Palabras Clave: Sales farmacéuticas, contenido de impurezas, formacién de sales,

hidrolisis de sales, purificacion, extracciones, cambio de solubilidad, sintesis.

RESUMO
Sais orginicos como ferramenta para purificagio de ingredientes
farmacéuticos: revisao bibliogrifica

Introdugio: Os medicamentos visam melhorar a sadde da populagio; por esta

razio, sio necessdrios ingredientes farmacéuticos com alto nivel de pureza. Neste
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contexto, o teor de impurezas ¢ uma das premissas na fabricagio dos insumos
farmacéuticos; para cumprir este parAmetro diversas operagdes unitdrias podem
ser implementadas. Nesse sentido, os sais farmacéuticos podem ser utilizados como
alternativa no processo de purificagio para gerar ingredientes farmacéuticos com
alta pureza. Objetivo: Esta revisao discutird, em primeira instancia, a importincia
das impurezas no ambiente regulamentado (impurezas conhecidas, desconhecidas,
genotdxicas, solventes residuais e impurezas elementares). Continuando com a base
dos sais farmacéuticos incluindo grupos funcionais que podem formar sais, base de
geracdo e hidrolise e a principal caracteristica: a alteragio nas propriedades de solu-
bilidade devido 4 formagio da ligacio i6nica. Esta parte também inclui referéncias
gerais de trabalhos e compilagdes anteriores. A préxima parte envolve duas abor-
dagens metodoldgicas para purificar ingredientes farmacéuticos. A primeira abor-
dagem ¢ baseada em extracoes de formacio de sal seguidas de hidrélise de sal. A
segunda tdtica ¢ baseada na formacio de sal e nas propriedades de solubilidade.
Alguns exemplos demonstrario as vantagens destas ferramentas. Resultados:
Uma contribui¢o interessante ¢ a compilagio de diversos métodos sintéticos para
formacio de sais, incluindo exemplos e alternativas para casos sensiveis (dgua, forma
sélida, intercAmbio i6nico, etc.). Por fim, serd comentada a determinagio da estru-

tura do sal incluindo as principais metodologias de caracterizagio.

Palavras-Chave: Sais farmacéuticos, teor de impurezas, formagio de sal, hidrélise de

sal, purificacio, extracdes, alteracio de solubilidade, sintese.

INTRODUCTION

Medicine aims to improve the health of the population. Important data about the
medicines is that most of 50 % of the active pharmaceutical ingredients (API) are sold
as salts [1]. In this regard, the main objective of the use of a salt in an active substance
is providing better absorption of the pharmaceutical ingredient contrasted with the
parent drug. However, a less well-known application is the purification impact of phar-
maceutical salts to improve the content of impurities in a pharmaceutical ingredient
or intermediate. This alternative is not very known probably since this unit operation
is poorly described in several reported procedures (mainly in patents). Nevertheless, it
is a current synthetic step in the industrial manufacture of pharmaceutical ingredients
to purify active substances. In this tessitura, the impurity content is one of the most
important parameters evaluated in the pharmaceutical ingredients. Several byproducts
are assessed as a routinely part of the analysis of the pharmaceutical ingredients. In this
context the ICHQ3A defines an impurity as any component of the new drug subs-
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tance that is not the chemical entity defined as a drug substance [2]. In the same gui-
deline the impurity content in a pharmaceutical ingredient is limited to 0.10 % for the
unknown impurities and 0.15 % for the known impurities. Concerning the genotoxic
impurities, the limits are more restrictive (ICHM?7) [3]. In addition to this, the residual
solvents are persé considered as impurities and their content is limited by the ICHQ3C
[4]. Finally, elemental impurities are assessed and limited by the ICHQ3D [5]. The
reviewed approaches described in this compilation will be focused on the elimination
of the organic impurities because the genotoxic, residual solvent and elemental impuri-
ties in general are eliminated and evaluated following other specific approaches.

To obtain active substances with a pharmaceutical degree (less than 0.10 % of unk-
nown impurities and 0.15 % of known impurities) different unit operations have been
developed. The first approach used is the improvement of the reaction conditions;
this fact has as a consequence the control of the impurity generation iz situ [6]. A
second approach is establishing adequate quench conditions, maintaining ranges and
avoiding excursions [7]. Other unit operations currently used as purification methods
are: crystallizations, distillations, precipitations, solvent exchange, extractions, filtra-
tions, seeding, charcoal treatment, pH control, use of scavengers and salt formation
or hydrolysis. The last operation is a powerful tool to achieve pharmaceutical purity
degrees in active substances. This review will be focused on the pharmaceutical salts,
their use and application as a purification process. In addition, a perspective of their
synthesis and structure determination will be mentioned.

BASIC CONCEPTS

The solubility of a drug in aqueous systems is one of the characteristics required in the
development of drug substances, because many of the new drugs are insoluble in water
and this fact is not adequate for the absorption in the human body. Although there
are several pharmaceutical advances to improve the solubility of a drug [8], the modi-
fications using the salt formation approach is a rapid alternative to change the solubi-
lity properties without affecting the therapeutic effect. Historically, in 1950 Nelson
demonstrated than several weak acids were absorbed better than the corresponding
drug parents under a gastrointestinal pH [9], that fact attracted the attention of the
industry and the academy and in consequence several reviews have been written about
this topic [10-18]. But what it is an organic salt? In this context, a salt is defined as a
multicomponent system where protons are transferred from an acid to a base in an
ionic state [19]. This fact is possible because many of the approved drug substances
have functional groups like weak acids or weak bases and this characteristic could be
used for the preparation of pharmaceutical salts. Between the weak acid groups that
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can be mentioned are carboxylic acids, sulfonic acids, sulfonamides, phenols, etc. On
the other side, the weak bases can be aliphatic, cyclic, and aromatic amines, aminopyri-
dines, etc. These types of molecules are shown in the Figure 1 (own creation).

R R R R
O R-NH,
R NH
R on R OH Aliphatic amine
Carboxylic acid R R ROR
Phenol Cyclic amines
- R R R R
o Tonizables
O o
C i groups 7\
Rt R-$-on R _ NH, R NH,
i 2 \
o o R R R
S H Sulphoni id I
Sulfonamide ulphonic ac Amino pyridine Aroma tic amine
Weak acids | Weak bases

Figure 1. Functional groups that can form organic salts.

With the purpose of manufacturing an organic salt, it is necessary that the molecule
comply with two requisites. First, the molecule needs to have ionizable groups and
secondly, a compatible counterion it is necessary. Follow this idea, there are two pos-
sibilities for the salt formation: ) a pharmaceutical ingredient or intermediate with
an acid (ionizable group) that reacts with a basic substance (counterion: organic or
inorganic) (figure 2, figure a; own creation), and 7) a pharmaceutical ingredient or
intermediate containing a basic ionizable group which can react with an acid substance
(counterion: organic or inorganic) (figure 2, figure b; own creation).

Pharmaceutical Pharmaceutical
Ingredient —Acid  + Base—@ —— > Ingredient 7Acide@Base_®

Figure a / Intermediate / Intermediate
Salt formation
Pharmaceutical Pharmaceutical
] Ingtedient —Base + ACid—® —————>  Ingredient —Base®©Acid— R
Figure b / Intermediate / Intermediate

R = any functional group

Figure 2. Typical reaction of salt formation.

In relation to stability, theoretically it is necessary a minimum difference of two or
three units of pKa between the free base and the counterion to get a stable salt [20].

About the reactivity, the salt formation is a reversible reaction, so it is possible to pre-
pare a salt and then purify the product (filtering, washing the cake, drying, etc.). After
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these unit operations, the main compound could be recovered by salt hydrolysis. This
fact is the main advantage of this methodology, and it is very useful to develop purifi-
cation processes.

Regarding the solubility, in general for the neutral organic component (free acid or
base) the solubility in organic solvents is preferred instead of the water [21]. In the
opposite side, once the salt is formed the affinity for water is increased because an ionic
bond is formed and in consequence the affinity for organic solvent is diminished (figure
3; own creation). This intrinsic behavior can be used to develop specific purifications
to obtain pharmaceutical grades (high purity) in active substances or intermediates.
It is necessary to point out that in some cases the solubility is affected by the ratio of
hydrocarbon atoms presents in the parent molecule; this fact could affect the affinity
for the organic solvent even if the molecule is an organic salt.

Solvent separation

Organic Tonizable group
compound

Organic salt
(soluble in water)

Figure 3. General solubility behavior of an organic salt.

After carrying out the purification methodology, the organic salt can be hydrolyzed
using an organic or inorganic reagent with the opposite nature to the counterion and
it is possible to recover the neutral compound. Both possibilities are represented in the
figure 4 (own creation).

Pharmaceutical ) . Acid—R Pharmaceutical e i
Figurea Ingredient ACid@‘tBase—\\R) ——— Ingredient ~—Acid + ®—Acid“ %ase—@)
/ Intermediate / Intermediate
Salt Hydrolisis salt of counterion
Pharmaceutical .
y Pharmaceutical ~ XS

3 edie Base—( R - va, .
Figureb lngredient  Bago @6 pcig— R 22N Lty Base 4 (R)—Base” ‘Acid—(R)

/ Intermediate / Intermediate

X Salt Formation
R = any functional group

Figure 4. Typical scheme of salt hydrolysis.

Vis-a-vis of the counterions, it is possible to use different type of molecules to prepare
pharmaceutical salts, in this context and from a biological point of view for pharmaceu-
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tical ingredients Pfankuch ez 4/ had divided the counterions in three categories [22]:
i) First class: the salt formers which are physiologically ubiquitous ions or that occurs
as metabolites in biochemical pathways including the hydrochloride and sodium salts.
Their use is considered unrestricted. 7) Second class of salt formers: those that are not
naturally occurring but that have found common application and have not shown sig-
nificant or tolerability issues, for example sulfonic acids. In this context Elder ez a/. [23]
recently reported a review showing the advantages of sulfonic acids as counter ions. In
the same line, Snodin reported an article about the regulation of alkyl sulfonates in
sulfonic salts which is a very important concern in the use of this kind of counterions
[24]. iii) Third class: These salt formers which are used in special circumstances to solve
a particular problem. They are not naturally occurring in common use.

In the figure 5 (own creation), some examples of salt formers are shown. On the other
hand, Paulekuhn ez a/. have reported the counterion trends for the manufacture of
salts until 2007 [25]. Also usable as a counterion are the generally recognized as safe
(GRAS) molecules [26]. In this context, in 2011 Tilborg ez al. reported a review about
the amino acids used as counterions. Amino acids are attractive counterions because;
they are GRAS molecules that have interesting solubility properties. In this review seve-
ral examples of amino acids used as counterions in active pharmaceutical ingredients
are shown [27]. On the other hand in 2013, Saal and Becker reported a summary on
doses of salt former from the Orange book [28]. One important information extracted
from this report is that the first choice in the use of counterions are the hydrochlori-
des and sodium salts. However, in the synthesis of intermediates theoretically there
are no restrictions and even lithium can be used as a counterion although there is not
the case for a final active pharmaceutical ingredient (API) in which case a different
counterion is previously established. Recently, Bharate reported a compilation about
the FDA approved carboxylic acids used as counterions in Pharmaceutical salts from
1939 until 2020. In this review the technical advantages of using carboxylates over
other counterions are discussed. The most useful carboxylic acids in salts are: acetate,
maleate, tartrate, fumarate and succinate [29].

From a physicochemical and biological point of view, Gupta ¢t a/ recently have
published a review of pharmaceutical salts. This article describes succinctly the use of
pharmaceutical salts in the preparation of pharmaceutical dosage forms [30]. Finally,
Fujinuma ez a/. have described the triboelectric effect in a salt series and their respec-
tive counterions [31], this effect is very important in the commercial manufacture of
actives substances in which hundreds of kilograms of final product are manufactured.
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Figure 5. Some examples of counterions.

In general, the best choice for the purification of a molecule is applying the salt for-
mation methodology using the simplest, accessible, and non-expensive reagent. For
example, aqueous sodium hydroxide and hydrochloric acid are the first options. Two
additional advantages are that the byproducts generated are easy to eliminate and the
reagents have a low cost.

On the other hand, if the final product is salt, other criteria must be taken into account.
For instance, solubility, crystallinity, toxicity, hygroscopicity, polymorphism and
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manufacturability, etc... It is important to remark that if the molecule does not have
ionizable groups is not possible to form salts, for this kind of molecules is necessary
other approaches (cocrystals or polymorphs, etc.).

The main impact of the transformation of an organic compound by a salt is the solubility
modification; this fact generates a sudden and radical change in the affinity for other
solvent. An example that demonstrated the improvement of the solubility using salts in a
pharmaceutical ingredient has been reported for the Sunitinib (antineoplasic). This drug
substance is known to be a poorly soluble drug, such as the solubility of this API is
0.048 mg/mL in deionized water while the marketed Malate salt has a solubility of
25 mg/mL. In this study several examples of Sunitinib salts were prepared and their
solubility was evaluated [32]. The data (Table 1) showed that the use of Adipic acid
dramatically increased the solubility in deionized water and demonstrated the impact
of the counterion in the solubility properties. The solubility in deionized water
is improved until 272 mg/mL, this data is almost eleven times the solubility of the
marketed salt and 5667 times vis a vis of the free base. This change in the solubility
could suppose “like to work with other molecule with different physical properties”
This modification in the solubility properties make it possible to develop purification
strategies using this procedure because it can use a mixture of solvents to eliminate in
a specific way the contaminants from the product (active ingredient or intermediate).

Salts as a purification method in the synthesis of pharmaceutical ingredients and

intermediates

When a pharmaceutical ingredient is manufactured, it must comply with a specifi-
cation including some parameters like titration, residual solvents, water content, and
identity, among others. In this tessitura, the impurity profile is one of the most impor-
tant parameters to get a safe pharmaceutical active substance because the impurities do
not have therapeutic effect. Although sometimes the use of chromatographic purifi-
cation methods is affordable, not always it is possible to apply this type of technology
in a commercial way, mainly due to the complexity of the facilities and the high cost.
Moreover, the solubility changes furnished by an organic salt represent one impor-
tant alternative to achieve this task. One example of purification via salt formation /
salt hydrolysis has been reported by Ley and Yates in 2008 [33]. In this work it was
demonstrated that the purification methodology of the 2,4-dichloro-benzoic acid
using a-methylbenzylamine to furnish the corresponding salt and then hydrolyzing
them. The goal of this study was to purify the 2,4-dichloro-benzoic acid from some
isomers with a higher content than 0.5 % and after the purification process the content
was less than 0.05 %. The main advantages of this procedure were: 7) to procure a pro-
duct with a high quality, i) be reproducible, 77i) low cost of the starting materials, and

iv) easiness of the process.
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Table 1. Solubility of different salts of Sunitinib reported by Sangwan ez a/. [32]
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The summary of the purification process from Ley e 4/. is depicted in the figure 6.

Cl

o
CO,H
COH _Isopropanol ¢ ” Me OH :
+
impurie Cmnnmmm ncnq o

counterion

Individual impurity content less than 0.05%
Impurity content up t0 0.5% impuriti I

Figure 6. Purification of 2,4-dichloro-benzoic acid via salt formation-hydrolysis reported by Ley
and Yates [33].

In the same way, in 2011 Anson and coworkers reported the use of this methodology for
the purification of the first synthetic step in the synthesis of the one S1P1 agonist [34].

For a neophyte it could be a trivial procedure, but the perspective could change if
it is necessary to purify several tons of an organic compound in a productive Plant.
Furthermore, the salt preparation or hydrolysis is a unit operation largely used in the
manufacture of pharmaceutical ingredients and intermediates.

As it was pointed out previously, in our context the main property of salts is the dif-
ferent solubility versus the free base, this property is applied in two approaches which
are used in the synthesis of pharmaceutical ingredients to obtain good impurity pro-
files. The first approach is: salt formation, followed by extractions and salt hydrolysis.
In a second instance with the aim to recover the product other unit operations can
be applied. For example: salt hydrolysis, crystallization or precipitation, filtration and
drying of the product. Normally in this case the free base is obtained as a final product.
The second approach is: salt formation followed by crystallization. In this case the solid
is isolated by crystallization or precipitation. In this case usually a salt is obtained.

Both approaches are shown in Fig. 7 (own creation).

Counterion,
solvent

Extraction

Counterion,

Salt formation, water

Extraction, hydrolysis

approach

Free base -
Salt Formation
(Water solubilized)

in organic Extraction Free base
solvent (aqueaous phase) Hydrolysis (Organic phase)

=

Counterion,

solvent or Antisolvent - — — 9

|
Salt Formation Crystallization or Centrifugation Organic salt
Water solubilized precipitation

Crystallization water

precipitacion approach

Free base

Figure 7. Purification approaches with salts.
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Salts formation, extractions, salt hydrolysis

During the synthesis of an intermediate or pharmaceutical ingredient, in only a few
cases the starting material is transformed to a product in a quantitative yield. In gene-
ral, in the process a percentage of byproducts are generated and mixed with the pro-
duct. For this reason, it is necessary to purify the procured intermediate. In many cases
a chromatographic purification is not affordable at an industrial level. The alternative
tool to eliminate impurities is the salt formation or salt hydrolysis. This approach is
based on the solubility differences between a salt versus the neutral compound. This
methodology works as follows: A reaction is started and monitored and after reaching
the desired transformation (in process-control, etc.), the reaction mixture must be
quenched. At that point, the compounds in the reactor are: 7) product (with ionizable
group), i) inorganic impurities, and /i) organic impurities (Fig. 8A)

With the aim to purify the mixture it is necessary to prepare an organic salt. As a gene-
ral methodology a counterion is added to the reactor mixture followed by water, the
result is the formation of an organic salt in a biphasic system (Fig. 8B). The organic
salt and the inorganic impurities have affinity for the aqueous phase, while the organic
impurities have affinity for the organic phase. A separation of the organic layer elimi-
nates the organic impurities from the reaction mixture. The product and the inorganic
impurities stay in the aqueous layer (Fig. 8C). The next step is to add a new counterion
with the opposite nature to the first counterion added. A second requirement is the
use of a clean organic solvent that must be immiscible with water. In this step the free
base is recovered by hydrolysis of the organic salt (Fig. 8D). The desired compound is
soluble in the organic phase 2 and the inorganic impurities stay in the aqueous phase
2. A second layer separation furnished the free base with a high purity in the organic
phase 2 (Fig. 8E). Finally, this compound is recovered from the organic phase 2 by crys-
tallization or precipitation (Fig. 8F). This methodology is depicted in Fig. 8.

The formation and hydrolysis of a salt is a very suitable tool in the development of a
process in the pharmaceutical industry to obtain acceptable impurity content, specifi-
cally for the purification of intermediates and pharmaceutical ingredients. Some exam-
ples reported in the literature will demonstrate the advantages of this methodology.
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Figure 8. Typical scheme using salt formation/hydrolysis in the pharmaceutical industry (own

creation).

Through the synthesis of the Omeprazole magnesium (inhibitor of the proton pump)
a sodium salt was prepared by the reaction between Omeprazole and sodium hydro-
xide at a laboratory scale (0.1 g). After the salt formation reaction, the Omeprazole is
insoluble and become soluble when it is transformed to the corresponding sodium salt.
The residual starting material (Omeprazole) is insoluble in water. So, for the elimina-
tion of this residual compound methylene chloride was added to the reaction mixture.
In this binary system, the Omeprazole was solubilized in the organic phase and the
Omeprazole sodium salt was solved in the aqueous phase. A separation phase elimina-
tes the organic impurities and starting material unreacted (Omeprazole) in the organic
phase. To the generated Omeprazole sodium salt (aqueous phase) magnesium chloride
is added; this reagent furnishes the Omeprazole magnesium by cation interchange. The
magnesium salt precipitates in the aqueous medium because the product is an Ome-
prazole dimer (high organic ratio vs the ionic bond). The residual inorganic impurities
were eliminated in the mother liquors (water). After centrifugation and drying, the
optical purity for the isolated Magnesium salt was 98 % (Entry 1, Table 2) [35].
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In the scale-up development of a new process for the manufacture of Quetiapine hemi-
fumarate (antipsychotic), a problem regarding the impurity profile was found. To solve
this inconvenience one hydrochloride salt was prepared. The salt procedure started by
toluene dissolution of the intermediate which was treated with hydrochloric acid and
the corresponding salt was generated. This intermediate was isolated in the aqueous
phase and the organic impurities were eliminated in the organic phase (toluene). Then
the pH of the aqueous phase was adjusted to 9 / 10 units with sodium carbonate. This
change hydrolyzed the salt and furnished the free base which has been isolated in
methylene chloride. The aqueous phase was eliminated with the inorganic impurities.
After this separation the solvent of the second organic phase was distilled and the free
base was solved in ethanol. In the next step the free base was reacted with fumaric
acid generating the pharmaceutical ingredient with a good impurity profile (99.9 % of
purity) (Entry 2, Table 2) [36]. In this example two approaches are combined, first the
purification by extraction / salt formation and in a second place the salt formation and
crystallization.

A synthetic step using a salt was included during the optimization of a new process for
the synthesis of Raloxifene hydrochloride (estrogen receptor modulator). The depro-
tection of the two phenols groups was carried out with potassium hydroxide and the
bis-potassium salt was provided as an intermediate. Once the reaction was finished,
the pH of the reactions was changed until 11 units and the product was isolated by
filtration. The inorganic impurities were eliminated in the aqueous phase. After the
solid was solved in methanol water was added, after the decoloration with activated
charcoal the product was filtered. Then the pH of the filtrate was modified until to 2
units with hydrochloric acid and heated to a temperature of 65 °C. The Piperidinium
salt was isolated as intermediate. To precipitate the entire product additional water was
added and then the reaction mixture was cooled. The product was isolated by filtration
and after drying the isolated compound furnished a purity of 99.9 %. Although the
product is a salt, probably it was precipitated in water because the organic ratio of the
molecule is clearly bigger vis 2 vis of the ionic bond. In addition, it is necessary to point
out that this molecule has two acid groups (phenols) and a basic one (Piperidine) that
make it possible to use both sides of pH scale to prepare salts. (Entry 3, Table 2) [37].

For improving the manufacturing process of Gemfibrozil (antihyperlipidemic agent) a
sodium salt was prepared starting by the isobutyl ester intermediate. The hydrolysis of
the ester moiety generated the sodium salt. This compound was prepared in a mixture
of water and toluene using sodium hydroxide as a counterion. After reaction comple-
tion, the Gemfibrozil sodium salt was isolated in the aqueous phase (140 g scale). The
organic impurities were removed from the organic phase (toluene). Then the pH of
the aqueous phase was adjusted to 8.8 to 9.2 pH units and the aqueous solution was
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filtered to eliminate foreign particles. Finally, the free base was obtained by pH adjust-
ment to 2.8 to 3.2 pH units with hydrochloric acid. The product precipitated in the
reaction mixture and then filtered; the inorganic impurities were eliminated in the
mother liquors. After drying, the product was obtained with a purity of 100 % (Entry
4, Table 2) [38].

Another example was reported for the procurement of Venlafaxine Hydrochloride
(antidepressant) free of impurities at large scale. During the reduction step with Raney
Nickel of an intermediate at a 60 kg scale, the acetate salt was generated. The solvent
of this reaction (acetic acid) was distilled, and the residue was solubilized in water.
Toluene was added and the phases were settled, the aqueous phase (containing the
product) was kept and the organic phase which contains the organic impurities was
eliminated. Then the pH of the solution was adjusted to 7.5/8.0 with aqueous ammo-
nia and then ethyl acetate was added. A settlement of the phases was executed, and the
aqueous phase was eliminated. The solvent of the organic phase was distilled, and the
residue was solved in acetic acid. After heating and cooling, the product was isolated by
centrifugation and the product was dried generating the acetate salt. This compound

showed a purity of 99.3 % by HPLC (Entry 5, Table 2) [39].

The methodologies discussed in this section were chosen because they reflected the
approach of the salt preparation, extraction, and salt hydrolysis. This purification sys-
tem is very common in the commercial manufacture of pharmaceutical ingredients but
sometimes is not adequately detailed in the reports because it is part of the industry
expertise. However, after to understanding the easiness of the methodology it is possi-
ble to use this purification in many organic compounds having the adequate functional
groups. In addition, there are no restrictions to prepare salts of intermediates because
after the purification process, the counterion could be eliminated.
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Table 2. Examples of Purification with pharmaceutical salts in intermediates and active substances
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Salt formation/hydrolysis followed by crystallization to generate the product with a

high purity

The intermediates or final product solubility changes under the influence of an ionic
bond (salt formation) and could have an important impact in the crystallization, speci-

fically in the impurity profile. So,
properties in the product and is

the creation of an ionic bond generates new solubility
virtually like to work with another compound with

totally different solubility properties. This solubility behavior can be used to crysta-
lize the product and eliminate byproducts. As it was mentioned, the most important
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advantage of this methodology is the reversibility of the reaction because the original
molecule can be recovered with a hydrolysis reaction without affecting the impurity
profile. It is also important to point out the use of seed to induce the desired charac-
teristic in the final product. This type of purification process is currently applied at
industrial level in the manufacture of intermediates and pharmaceutical ingredients.
Several examples will demonstrate the impact of this methodology in the purification
of intermediates.

During the improvement process for the manufacture of Solifenacin succinate (anta-
gonist of the muscarinic receptors) a salt was used in the last step of the synthesis. The
Solifenacin crude (diastereomeric mixture) was purified using racemic succinic acid.
The diastereomeric crystallization was optimized, taking in account several parameters
(temperature, solvents, counterion ratio, etc.). The final report described the reaction
of the Solifenacin isomer mixture and succinic acid in ethyl acetate, the mixture was
seeded with the Solifenacin Succinate and stirred to 25/30 °C for 8 hours. The purity
at this point was 98.75 % and the chiral purity 93.69 %. Two additional crystallizations
generated the Solifenacin succinate with a chemical and chiral purity of 99.9 %. As a
result of this procedure, the salt solubility was different between the diastereomers,
this fact made possible the resolution to obtain the Solifenacin succinate with a con-

tent of the non-desired diastereomer of 0.06 % (Entry 1, Table 3) [40].

In the last step of the manufacture of Saxagliptin hydrochloride (antidiabetic) a salt was
used. The salt was formed simultaneously after the hydrolysis of a carbamate function.
Then the carbamate intermediate was solved in ethyl acetate and aqueous hydrochloric
acid was added. The salt was precipitated in situ, isolated by filtration, and washed
with additional ethyl acetate. The purity for the Saxagliptin hydrochloride was 99.9 %
by HPLC. As a note, the previous intermediate had a 94.36 % purity, so the inorganic
and organic impurities were eliminated in the mother liquors (Entry 2, Table 3) [41].

A salt was used during the improvement of the process for manufacture of Dronedarone
hydrochloride (antiarrhythmic drug). Hydrochloric acid was used after a sequence of
reaction (reduction of nitro group and protecting the generated amine with a methane-
sulfonyl group) at a scale of 4.5 kg. The process was reported as follows. The advanced
intermediate was washed with diluted aqueous hydrochloric acid at 10%. The organic
phase was kept, and the residual water was distilled until 1 % to avoid loss of product.
The Dronedarone hydrochloride was isolated from the reaction by cooling the mixture
to 0°C. The purity of the API at this stage was 99.7 %. An additional crystallization in
isopropanol furnished the API with a purity of 99.8 % (Entry 3, Table 3) [42].
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Due to the difficulty to obtain pharmaceutical grades of Montelukast sodium in a sca-
le-up plant an organic salt using isopropylamine as a counterion was developed. In this
context, to a toluenic Montelukast dissolution (free base) was added isopropylamine
and acetonitrile. The scale for this reaction was 0.95 kg executed in a scale up plant.
Then to start the precipitation of the product a small quantity of heptane was added.
After 1 hour of the reaction, the addition of more heptane completes the precipitation
of the amorphous solid. After 1 hour of ageing, the product was isolated by centrifuga-
tion and the cake was washed with toluene / acetonitrile. The product was crystallized
twice in isopropanol and once in toluene. After analysis the final purity by HPLC was
99.7 %. Furthermore, it is important to mention that in the preliminary screening seve-
ral Montelukast salts were evaluated, basic counterions furnished amorphous solids.
Between the studied amines it can be mentioned n-propylamine, tert-butylamine,
benzylamine, a-methylamine, dicyclohexylamine, diisopropylethylamine, etc. This
fact emphasizes the relative easiness in the preparation of pharmaceutical salts (Entry

4, Table 3) [43].

During the development of a scalable synthetic route to manufacture Clopidogrel
bisulfate (antiplaquetary agent) and hydrochloride salt was prepared. Several para-
meters like addition time, reaction time, base, hydrochloric acid, and solvent ratio,
etc., were studied to improve the impurity profile. The author reported and industrial
procedure with 100 kg of starting material. In an advanced intermediate in toluene
solution was added aqueous hydrochloric acid and the resultant salt was precipitated
spontaneously in the reaction mixture. The salt was isolated by filtration and then the
solid was further purified in acetone / hydrochloric acid. The product was isolated
and washed with acetone and dried. Finally, the hydrochloride intermediate furnished
a chemical purity of 99.9 % and a chiral purity of 99.6 %. This is a remarkable result
because it was evaluated for the two synthetic steps (Entry 5, Table 3) [44].

As it was demonstrated with these examples, the pharmaceutical impurity level can
be reached using the salt formation procedure in an adequate solvent. This methodo-
logy is very simple and furnishes very good results. This reaction can be used from a
laboratory scale working with a few grams until several tons in a commercial scale in a
Good Manufacturing Practice (GMP) environment. It is necessary to point out, that
some requirements, using this methodology are necessary. For example, the purity of
the counterion to avoid related impurities, the hydration level, or the polymorphism
because these kinds of parameters could impact the desired characteristic of the pro-
duct and could have a relevant importance if the final product is the active pharmaceu-
tical ingredient.
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Table 3. Examples of purification with pharmaceutical salts in intermediates and active substances.
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To synthesize pharmaceutical salts several approaches are available; the main diffe-

rence depends on the final use of the compound to be generated. For example, for

the manufacturing of an active pharmaceutical ingredient (API) the conditions must
be strictly controlled following the GMPs. This fact following batch records with
well-established unit operations in a regulated environment (ICHQ?7). The generated

product must comply with the current specifications for the final active ingredient or

intermediate including parameters such as polymorphism, particle size, impurity pro-
file, foreign particles, water content, etc. [45]. It is important to remark that the use of

a counterion in this step requires a high quality of the reagents (low impurity content).

On the other hand, if it is not necessary to comply with a GMP environment, the salt

could be prepared easily. Basically, by mixing the free base and the counterion in an
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adequate solvent. The generation of the ionic bond changes the solubility properties of
the molecule, for instance if the free base is soluble, in general the corresponding salt is
insoluble doing the isolation feasible by crystallization or precipitation in the reaction
media. In both cases, the generation of the pharmaceutical salt is the objective, and the
difference is the unit operations, scale or the GMP environment. Several examples will
demonstrate the easiness of this methodology.

If the main objective is to modify the salt physical properties for example; the solu-
bility, dissolution rate, permeability, stability, mechanical properties, polymorphism,
flow properties, compaction properties, etc., some modifications in the counterion can
be applied [46]. In this context, Gross ez al. was reported a decision-tree format in order
to choose the better counter ion in drug candidates [47]. By his side Fernandez-Casa-
res studied the in-situ salt screening, with two methods: the saturated solution and
the high-throughput method over two active substances (Aripiprazole, antipsychotic
and Desvenlafaxine, antidepressant). In this study the first approach furnished better
results [48]. Sometimes, the salt formation is an easy procedure, this fact is exemplified
by a series of 28 different salts derivatives of Olanzapine (antipsychotic) reported by
Keltjens in a study to improve the properties of the pharmaceutical ingredient [49]. Or
the 3600 trials reported by Remenar ez /. that it will discuss furtherly [50].

Concerning the synthesis, usually is easy to prepare a salt, basically mixing the com-
pound with the adequate functional group and a counterion in a solvent, nevertheless,
when other parameters are important to meet it is possible to use alternative metho-
dologies in order to control specific characteristics in pharmaceuticals salts modifying
once of the following parameters: solvent hydration level, availability of the reagents,
counterion type, solvent, temperature, reagent ratios, etc.

For example, when the solvent hydration level can affect the final product by hygros-
copicity or solubility (impact in the yield) it is possible to use an anhydrous solvent
and the appropriate counterion avoiding the use of water. Hydrogen chloride in seve-
ral solvents for instance isopropanol [51], dioxane [52], or trimethylsilane chloride in
methanol [53], acetyl chloride in methanol [54] or ethanol [55]. Also, in the case of
Zabofloxacin D-aspartate (antibiotic) was used D-aspartic acid in anhydrous ethanol
to prepare the correspondingsalt [56]. All these procedures are alternatives reported in
the literature for the procurement of anhydrous salts.

As a counterpart if no anhydrous conditions are required, the use of aqueous disso-
lutions of hydrochloric acid or sodium hydroxide are available for the preparation
of salts, this method is extended used in the synthesis of pharmaceutical ingredients
because these reagents are readily available and not expensive. As an illustration, it was
reported their use in the synthesis of a sodium salt of Tenatoprazole (inhibitor of the
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proton pump) using aqueous sodium hydroxide [57]. The lithium hydroxide also was
used in the hydrolysis of an ester moiety and subsequently salt formation in the syn-
thesis of antiviral compounds. In this case the free base is solved in methanol and the
counterion is solved in water and then added over the API methanol solution. The
hydrolysis generated the lithium salt which is purified by extractions. In this case, the
free acid is recovered by salt hydrolysis with hydrochloric acid [54]. The use of aqueous
hydrochloric acid also was reported in formation of Raloxifene hydrochloride after the
procurement of the Raloxifene through a Diels Alder reaction, in this case methanol
was used as a cosolvent [58]. In a study to improve the synthesis of a potential antide-
pressant pharmaceutical ingredient it was used the 2N hydrochloric acid in order to
form the corresponding salt, the mixture was refluxed and the hydrochloride salt was
isolated by filtration. This salt was re-disolved and the salt was hydrolyzed with sodium
hydroxide then concentrated hydrochloric acid was added and the product purified by
filtration in order to get the pharmaceutical purity [59]. In another example, the free
base was solved in isopropanol and then the hydrochloric acid was added. The hydro-
chloride salt was isolated by cooling the suspension [60].

Different counterions can be used to prepare a salt. In this context, magnesium hydro-
xide was used for the generation of Omeprazole magnesium directly in a Pilot Plant
scale. The free base was solved in tetrahydrofuran and the magnesium hydroxide was
solved in water. The magnesium salt was formed and then isolated by precipitation
in cyclohexane. The product was purified in methanol and then in ethyl acetate [61].
In another example metallic magnesium also was used to obtain the same salt. The
metal was dissolved in methanol and dichloromethane then this solution was added to
a solution of Esomeprazole in methanol [62].

Polymorphism plays crucial role in the manufacture of an active pharmaceutical ingre-
dient because polymorphism can impact the solubility of the API in the human body
or because the solid forms can be intellectual restrictions. In this context, there are
several methods to obtain different solid forms. In this regard, Remenar ez 4/. reported
high-throughput experiments with the Sertraline (antidepressant) in this report 3600
crystallizations were executed to identify and characterize 18 crystalline salt forms of
the pharmaceutical ingredient [50]. The counterions used in this study were mono
ionic acids (acetic, hydrobromide, benzoic, benzenesulfonic, ethanesulfonic, lactic,
methanesulfonic) and also di and tri acidic salt formers (citric, fumaric, maleic, malo-
nic, sulfuric and succinic acids). The authors demonstrated that even minor differences
in the salt formers can deeply impact the effect of the number of polymorphs and sol-
vates of a salt [50].
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In alaboratory approach, Elati ez a/. describe several methodologies to obtain polymor-
phs exemplified with the salt formation of Donoprezil (a drug for treating Alzheimer
and senile dementia) [63]. These approaches are: 7) reacting the drug parent with the
counterion in an aqueous media, 77) crystallizing the pharmaceutical salt in several sol-
vents, i77) crystallizing the pharmaceutical salts in different mixtures of solvent systems,
iv) precipitating the pharmaceutical salt in different mixture of solvent anti solvent
combination systems, v) suspending the pharmaceutical salt in several solvents or mix-
ture of solvents, and v7) dissolving pharmaceutical salts in different solvents followed
by evaporation.

Moreover, to these approaches, it is possible to evaluate the impact of a seed. The seed,
which is a sample of the final product that contains all the suitable characteristics in a
pharmaceutical ingredient to induce a well-controlled crystallization (saturation, coo-
ling, etc.) in a solution of the pharmaceutical salt and obtain a specific solid form. A
pair of examples has been reported for the manufacture of Prasugrel hydrochloride

(platelet aggregation inhibitor) [64] and Palbocyclib (anticarcinogenic) [65].

Although a crystalline form is the first choice in the pharmaceutical salts, sometimes it
is necessary to manufacture amorphous compounds in this case the salt is prepared in a
solution and then an antisolvent is added. The inverse procedure also can be used. One
example of this method has been reported for Montelukast sodium (antiasthmatic) [66].

The procurement of a salt by ion substitution also has been used; the Omeprazole mag-
nesium has been prepared with this procedure [35]. A similar case was reported for the
Montelukast (antiasthmatic) using isopropylamine salt [67] has been interchanged by a
sodium atom using sodium methylate. During the development of a purification method
for Palladium from the Ceftolozane (antibiotic) a cation interchange of triflluoroacetic
acid by ammonium hydrogen sulfate in a 30 kg scale was reported [68]. Choline also was
used as a counter ion for some anti-inflammatory carboxylic acids. In a recent synthesis
of the Avibactam (antibiotic) a couple of salts were prepared. The first salt was prepared
using as a counterion an aqueous solution of tetrabutylammonium acetate in n-butyl ace-
tate. This ammonium salts were reacted with sodium 2-ethyl hexanoate in ethanol and by
an ion interchange the Avibactam sodium was reached [69].

Another methodology to prepare salts is the grindstone method [70]. A case was des-
cribed for the preparation of salt synthesis of several carboxylic acids without solvent
only using the mixture of the carboxylic acid and the counterion. During this proce-
dure it was observed an increase of the temperature during the salt formation. The cou-
nterions used in this approach were salicylic, oxalic, tartaric and citric acid. Evidently,
this approach cannot be used from a commercial point of view but is a good example
of green chemistry (non-solvent used).
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Concerning the salt hydrolysis normally an adequate solvent and counterion is used to
obtain the free base which is insoluble in the media. The product is isolated by filtra-
tion and then dried furnishing the free base. An example for the antidepressant Tra-
zodone and Sertraline hydrochloride (antidepressant) hydrolyses was reported. The
hydrochloride salt was dissolved in water and then aqueous sodium hydroxide was
added. The free base was insoluble in water and isolated easily [71]. In addition all the
examples cited in the section of salt formation / salt hydrolysis can be consulted.

Furthermore, the salt formation can be executed in a telescopic way, the following
three examples will demonstrate this fact.

During the development of a ERK inhibitor, a one pot synthesis of a besylate salt was
developed. In this case the benzensulfonic acid served by one side as a catalyst for the
desililation reaction and in a second place as a counterion for the salt formation. One
interesting data is the use of tetrahydrofuran/water addition in order to control the
generation of the methyl benzenesulfonate impurity [72].

The methane sulfonic acid was used for the preparation of a chloropurine salt which is
a potent HSP90 inhibitor (anticarcinogenic) [73]. The salt formation was carried out
after a benzylation process in a telescopic way. Basically, the substrates were reacted
with potassium carbonate in dimethylacetamide after reaction completion the product
(soluble) was cooled and filtered. The filtrate was reacted with the methanesulfonic
acid and then methyltertbutyl ether was used as an antisolvent. The purity by HPLC
of the corresponding salt was 99.3 % to 99.6 %. This product was scaled up until the
obtention of 220 kg. Malic acid was used to make a resolution of the building block
R-3,5-bis(trifluoromethyl)-a-methyl-N-methylbenzylamine. This salt was formed
after the deactivation of an imine reduction reaction. The solvent used was ethyl ace-
tate, after adding the counterion heating and then cooling and seeding the product was

isolated by filtration [74].

Another example of the use of hydrochloric acid in isopropanol was reported recently.
The salt formation was executed after a debenzylation reaction, the corresponding salt
was isolated directly by filtration [75].

Finally, Mithu ez a/ reported a review with advanced methodologies to salt synthesis
(antisolvent crystallization, spray dryer, freezed drying, supercritical fluid, mechano-
chemical grinding) [76], these approaches are under development.

In summary, all these procedures demonstrate the easiness of this transformation and
open the alternatives to procure high purity in the synthesis of intermediates and final
pharmaceutical ingredients. In figure 9 (own creation) it is shown the main procure-
ment methods for the manufacture of pharmaceutical salts.
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Figure 9. Methods of salt formation

Determination of salt structure

The choice of the adequate solid form has an imperative importance for therapeutic
eflicacy, toxicity, bioavailability, pharmaceutical process, stability and intellectual pro-
perties. In the pharmaceutical industry there are several alternatives for the final solid
form of an active pharmaceutical ingredient. Some of these are: polymorphs, solva-
tes, hydrates, cocrystals, amorphous, salts and mixtures of them [77]. The pharmaceu-
tical salts also shown polymorphism or can exist as solvate or hydrates, so different
solid forms must be characterized. There are several methodologies in order to deter-
mine the structure and solid state. The main analytical tools used for determination
of salt structure are: differential scanning calorimetry, X-ray diffraction, microcalo-
rimetry, thermal gravimetry mass spectroscopy (TG-MS) and infrared spectroscopy.
Some examples can be consulted in the review of Giron. Although the structures are
not shown the characterization of these salt is very illustrative [78]. Moreover, some
interesting examples of synthesis and salt characterization has been reported for the
Perphenazine Fumarate (antipsychotic). In this example two salts were prepared and
characterized by several techniques (differential scanning calorimetry, powder X-ray
diffraction, Fourier infrared spectroscopy and scanning electron microscopy coupled
with energy dispersive X-ray diffraction). In addition the improvement in solubility
versus the parent drug was demonstrated [79].
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CONCLUSIONS

The impurity content is one of the main parameters to control during the synthesis of
the intermediates and active pharmaceutical ingredients. The use of salt formation /
hydrolysis methodology is a powerful tool to achieve this goal. The synthesis of salts
from pharmaceutical ingredients or intermediates is an easy operation and the rever-
sibility of the reaction is the main advantage of this methodology. Once the salt is
formed, the ionic bond confers new solubility properties to the molecule, these modi-
fications could be used for the development of purification strategies as well specific
crystallizations. These advantages permit to afford pharmaceutical ingredients with
excellent impurity content. An important characteristic is that the change does not
affect the main structure and the reaction is reversible. However, these kinds of pro-
cesses are underestimated because sometimes it is no easy to recognize their use and
these procedures are not well described in the publications because they are part of
the know-how of the manufacturing companies. In addition, the synthesis of organic
salts is easy to achieve and depends on the final objective of the project (GMP s or
laboratory). For these reasons the organic salt represents a very useful tool to furnish
pharmaceutical impurities profiles in pharmaceutical active ingredients.
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SUMMARY

Introduction: Solubility is an important thermodynamic property due to its
role in product development, as well as the understanding of biological processes.
This research aims to evaluate the preferential solvation parameter (dx,3) of the
triclocarban (TCC) solubility in N-methyl-2-pyrrolidone + water cosolvent
mixtures and to assess some correlational and predictive mathematical models of

concern to the pharmaceutical industry. Calculations: dx, ; was determined from
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experimental data following the Inverse Kirkwood-Buff Integrals model (IKBI).
The mathematical models were developed using Python, and functions for each
model were fitted by non-linear least squares using the libraries scipy.optimize.
curve_fit, and sklearn.model_selection. Results: According to the dx, ; heat, TCC
has preferential solvation by water in water-rich mixtures, and preferential solvation
by N-methyl-2-pyrrolidone in intermediate and N-methyl-2-pyrrolidone-rich
mixtures. The models Yalkowsky—Roseman-van't Hoff, Wilson, Modified Wilson,
NRTL, van’t Hoff, Apelblat, and Buchowski—Ksiazaczak Ah were assessed, finding
good correlations with all. Conclusions: The TCC solubility increase in N-methyl-
2-pyrrolidone + water cosolvent mixtures with increasing N-methyl-2-pyrrolidone
(NMP) concentration may be related to the rise in the local mole fraction (x; ;")
of NMP in the TCC solvation sphere. Regarding the mathematical models, the
Yalkowsky—Roseman-van’t Hoff model can be considered the most versatile due to
its capability estimate solubility data as a function of both temperature and cosolvent

composition, given a limited range of experimental data.

Keywords: Triclocarban, inverse Kirkwood-Buff integrals, IKBI, preferential

solvation, mathematical assessment.

RESUMEN

Solvatacién preferencial de triclocarbdn en mezclas de cosolventes

de N-metil-2-pirrolidona + agua segtin el método de la integrales

inversas de Kirkwood-Buff'y correlacién de solubilidad mediante
algunos modelos matematicos

Introduccién: La solubilidad es una de las propiedades termodindmicas de mayor
importancia debido a su relacién en desarrollo de productos como en la elucidaciéon
de procesos bioldgicos. El objetivo del presente trabajo de investigacién es determinar
y evaluar el pardmetro de solvatacién preferencial (dx,;) de la solubilidad del
triclocarban (TCC) en mezclas cosolventes N-metil-2-pirrolidona + agua, ademds
de desafiar algunos modelos matemdticos de cardcter correlacional y predictivo de
interés para la industria farmacéutica. Célculos: A partir de datos experimentales
se determiné dx, ; de acuerdo con el modelo de integrales inversas de Kirkwood-
Buff. Los modelos matemdticos fueron desarrollados con Python vy las funciones
de cada modelo se ajustaron mediante minimos cuadrados no lineales utilizando
las bibliotecas scipy.optimize.curve_fit y sklearn.model_selection. Resultados: De

acuerdo con los calores del dx, ; el TCC se solvata preferencialmente por el agua en
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mezclas ricas en agua y en mezclas intermedias y ricas en N-methyl-2-pyrrolidone es
solvatado preferencialmente por la N-metil-2-pirrolidona. Se evaluaron los modelos
de Yalkowsky—Roseman—-van’t Hoff, Wilson, Wilson Modificado, NRTL, van’t
Hoff, Apelblat y Buchowski—Ksiazaczak Ah, obteniendo buenas correlaciones con
todos ellos. Conclusiones: El incremento de la solubilidad del TCC en mezclas
cosolventes N-metil-2-pirrolidona + agua, al incrementar la concentracién de
N-metil-2-pirrolidona (NMP) puede estar relacionada con el incremento de la
fraccién molar local (x,;") de NMP en la esfera de solvatacién del TCC, en cuanto
a los modelos matemadticos el modelo de Yalkowsky-Roseman-van’t Hoff, puede
definirse como el modelo mds versitil al tener la capacidad de calcular datos de
solubilidad en funcién tanto de la temperatura como de la composicion cosolventes
con un excelente grado de precision, el cual fue desarrollado a partir de un nimero

limitado de datos experimentales.

Palabras clave: Triclocarban, integrales inversas de Kirkwood-Buff, IKBI, solvatacién

preferencial, andlisis matematico.

REsuMmoO

Solvatagdo preferencial de triclocarban em misturas de N-metil-
2-pirrolidona + 4gua cosolvente de acordo com o método da
integrais inversas da Kirkwood-Buff e correlagao de solubilidade
por meio de alguns modelos mateméticos

Introducdo: A solubilidade ¢ uma importante propriedade termodinimica
devido ao seu papel no desenvolvimento de produtos, bem como na compreensio
de processos bioldgicos. Esta pesquisa tem como objetivo avaliar o parAmetro de
solvatagio preferencial (dx,5) da solubilidade do triclocarban (TCC) em misturas
de co-solventes N-metil-2-pirrolidona + dgua e avaliar alguns modelos matemdticos
correlacionais e preditivos de interesse para a industria farmacéutica. Célculos: dx; ;
foi determinado a partir de dados experimentais seguindo o modelo da integrais
inversas da Kirkwood-Buff. Os modelos matemdticos foram desenvolvidos em
Python, ¢ as fun¢des de cada modelo foram ajustadas por minimos quadrados nio
lineares usando as bibliotecas scipy.optimize.curve_fit e sklearn.model_selection.
Resultados: De acordo com o calor dx, 3, 0 TCC possui solvatagio preferencial por
dgua em misturas ricas em 4gua, e solvatagio preferencial por N-metil-2-pirrolidona
em misturasintermedidrias e ricasem N-metil-2-pirrolidona. Os modelos Yalkowsky—
Roseman—vant Hoff, Wilson, Wilson modificado, NRTL, van’'t Hoff, Apelblat e
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Buchowski—Ksiazaczak Ah foram avaliados, encontrando boas correlagoes com
todos. Conclusées: O aumento da solubilidade do TCC em misturas de cosolventes
de N-metil-2-pirrolidona + 4gua com o aumento da concentragio de N-metil-2-
pirrolidona (NMP) pode estar relacionado a0 aumento na fragio molar local (x, 5%)
de NMP em a esfera de solvatagio do TCC. Em relagio aos modelos matemdticos,
o modelo Yalkowsky-Roseman-van’t Hoff pode ser considerado o mais versétil
devido 4 sua capacidade de estimar dados de solubilidade em fungio da temperatura

e da composi¢ao do cosolvente, dada uma gama limitada de dados experimentais.

Palavras-chave: Triclocarban, integrais inversas de Kirkwood-Buff, IKBI, solvatacio

preferencial, avaliagio matemirica.

INTRODUCTION

Triclocarban (5-Chloro-2-(2,4—dichlorophenoxy) phenol; abbreviated TCC hereafter;
Figure 1) is a broad-spectrum antimicrobial agent [1]. Although TCC was initially
developed exclusively for medical use due to its antimicrobial properties, it is currently
included in more than 2000 commodities, from soaps, toothpaste, detergents, and
textiles to construction products and plastics [2]. Due to the potential endocrine-
disruptingeffect and bacterial resistance associated with this drug, the US Food and Drug
Administration (FDA) banned the use of the drugin personal care products and over-the-
counter medicines. Despite restrictions, many products still incorporate TCC [3,4], and
consequently, it is discharged into the environment mostly through wastewater, affecting
a variety of ecosystems and becoming a public health issue as it generates antimicrobial
resistance, among other significant environmental problems [5, 6].

Cl : : cl
i
Cl N N
H H

Figure 1. Molecular structure of triclocarban.

Solubility is one of the main physicochemical properties, as it is crucial in industrial
processes such as crystallization, purification, pre-formulation, formulation, and quan-
tification [7, 8]; pharmacological processes such as pharmacokinetics and pharmaco-
dynamics; and environmental processes such as biotoxicity assessment, bioadsorption,
bioaccumulation, among others [9-11].
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The TCC solubility has been studied in different organic solvents [12, 13], and some
cosolvent mixtures such as (1,4-dioxane + water) [14, 15], (ethanol + propylene gly-
col) [16], (cyclohexane + 1,4-dioxane) [17] and (ethylene glycol + water) [18].

Thermodynamic analyses of the solution process are valuable to rationalizing the solu-
bility results since they allow the understanding of the possible molecular phenomena
occurring in the process [19, 20]. As a complement, preferential solvation studies per-
mit the analysis of the local cosolvent composition of the solvation sphere [21-25].
Another field related to solubility studies is mathematical modeling, which is espe-
cially interesting for the industry since it offers computational tools that allow reduc-

ing experimental tests or calculating solubility data under other than experimental
conditions [26-29].

In this context, this research aims to evaluate the preferential solvation of TCC in
N-methyl-2-pyrrolidone + water mixtures ({(NMP (1) + W (2)}) and to assess some
predictive and correlational mathematical models.

RESULTS AND DISCUSSION

The preferential solvation parameter and the mathematical models were computed
from the solubility data reported by Caviedes-Rubio ez a/. [30], the preferential solva-
tion parameter and some mathematical models were calculated or challenged. Figure 2
plots the solubility of TCC as a function of the NMP mass fraction, where is observed
a positive cosolvent effect of the NMP, especially in NMP-rich mixtures.

P U 310

Figure 2. Mole fraction of TCC depending on the mass fraction of NMP in the {NMP (1) + W
(2)} mixtures free of TCC. o: 288.15 K; 0: 293.15 K; A: 298.15 K; A:303.15K; O: 308.15K; M:
313.15K;0:318.15 K.
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Preferential solvation

The solvation sphere of the TCC molecule in each of the cosolvent mixtures can be
evaluated from the equations of the IKBI model [21, 22, 31, 32].

8x13 = 112 (Gr3 — Go3)[X1Gr3 + X2 G5 + Vior] (1)
Gi3 = RTicy — V3 + x,V,DQ 1 (2)

Gi3 = RTir — V3 + x,V,DQ 1 (3)

Kr(1+2) = X1K1 + X2k, (4)
Vi=V4x - (5)

V, =V + x1:—:2 (6)

Vior = 25225 [ry + 0.13633/x1V, + x5V, — 0.085]3 (7)
xb=8x15+x; (8)

p - st (9)

Q= RT+ xlxz(E’;igZ] (10)

Here G,;and G,;are the Kirkwood-Buff integrals (in em®mol) obtained from the
thermodynamic data in equations 2 and 3, and 7, is the correlation volume around
TCC where preferential solvation occurs. In equations 2 and 3 x7is the isothermal
compressibility of the mixtures (in GPa™), 5 is the partial molar volume of the solute
(206.26 cm®mol [13]), and ¥, and ¥, are the partial molar volume of the solvents (in
cm®mol), while D and Q (in kJ-mol™, as is RT) are given in equations 9 and 10. The
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compressibility is given to sufficient approximation as the linear expression equation 4
and the partial molar volumes are calculated from the experimental data of the density
of the mixtures free of solute through equations 5 and 6. Eq. 7 requires iteration since
it depends on the local mole fractions given by equations 1 and 8.

Parameter D is calculated from the TCC Gibbs energy of transfer from the water to
cach of the cosolvent and neat organic solvent mixtures (Figure 3).

AgrG° kT -mol—!

Figure 3. Gibbs energy of transfer of TCC (3) from neat water (2) to {NMP (1) + W (2)} mixtures
at298.15 K

Equation 11 describes the trends of the TCC Gibbs energy of transfer in each of the
cosolvent mixtures, from where D is calculated as the first polynomial derivative,
with r’=1.0.

AGSgo1p=RTIN(x35/%3142 ) = —253.9x5 + 758.2x¢ — 889.3x3 + 538.3x2 — 192.9x; — 0.409 (1 1)

Some data necessary for the model development were taken from the literature to
calculate the preferential solvation parameter (Eq. 1). The isothermal compressibility of
the mixtures was calculated from the compressibility of the neat solvents (Eq. 4) by using
xT of NMP as 0.620 GPa™}, and 7 of water as 0.457 GPa™! [33]; V5 = 206.26 cm*-mol ™!
[14]. The partial molar volume of both solvents (water and NMP), necessary for the cal-
culation of the inverse Kirkwood-Buff integrals (Equations 2 and 3), were taken from
literature [34]. 75, necessary to compute ¥, (Eq. 7) was assumed as 0.434 nm [14]; the
excess Gibbs energy for the {NMP (1) + water (2)} mixtures free of TCC, necessary for
the calculation of Q (Eq. 10), was calculated from the equation and coefficients reported
by Marcus [35]. Other values, such as D, were calculated from the experimental solubility
data according to Eq. (9). Table 1 presents the data of the solvation parameters and some
other parameters required to develop the IKBI model.
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Table 1. Some properties associated with preferential solvation of TCC (3) in {NMP (1) + W (2)}
mixtures at 298.15 K.

- -~ - 0 0 7 I I “
= = L= 2 S ~% ~T° ~7° - s
* 38 8 %E -8 g8 e g e & 4%
* QH WH &% Arﬁa Ama bmé bmé k“eﬂé g
=4 =4 Q:"M 5] 5] 15 ] 5] —

0.00 -192.87 2479 1133 89.90 18.09 -1612.6 -205.1 890.8 0.000  0.00
0.05 -14534 2263 1.153 9089  18.07 -1307.6 -497.0
0.10 -108.98 2252 1173 9177 18.00 -989.0 -649.2
0.15 -81.81 2357 1193 9255 1789 -7329 -6869 11216 0136 -137
020 -62.03 2513 1214 9325 1774 -5553  -6654 12664 0228  2.83
025 -48.02 2670 1234 9385 1756 -4419 @ -627.0 13665 0294 442
0.30 -3838 2800 1254 9438 17.37 -371.7 -593.1 14502 0350  5.04
035 -31.88  2.887 1274 9482 17.15 -3281  -5714 15272 0403 532
040 -2747 2925 1295 9520 1692 -3003 -562.5 1601.8 0.455 5.50
045 -2431 2919 1315 9552 1669 -2814 -562.9 16746 0506  5.63
050 -21.74 2881 1335 9578 1646 -267.0 -5663 17448 0556  5.63
055 -1930 2826 1355 9598 1623 -2548 -565.5 1811.0 0.604 543
060 -1672 2769 1375 9614 1601 -243.6 -5532 18727 0.649 494
0.65 -1390 2725 1396 9626 1582 -233.1 -5241 19299 0.692 415
070 -1096 @ 2704 1416 9635 1564 -2239 -4782 19839 0732  3.17
075 -818 2710 1436 9640 1549 -2165  -4232 20373 0772 219
080 -6.06 | 2737 1456 9644 1538 -2116  -3757 20931 0814 142
085 =527 | 2769 1476 9645 1531 -2092 @ -360.9 21528 0.860 1.01
090 -6.68 2773 1497 9646 1529 -2084 -4139 22165 0909 093
095 -1134 2699 1517 9645 @ 1532 -208.0 -589.9 22796 0959 0.88
100 -2051 2479 1537 9645 1540 @ -2047 -1002.7 2331.6 1.000  0.00

2 x, is the mole fraction of NMP (1) in the {NMP (1) + W (2)} mixtures free of TCC (3).
*From Nozohouri et 4. [34].

According to the dx, ; analysis (Figure 4), from neat water to x; = 0.15, the correlation
volume calculations are not possible by iteration because the equations do not converge,
yielding inconsistent data since takes negative values (Figure 5) when limited only to
values between 0 and 1, even if a trend can be identified. Therefore, it can be inferred that
TCC has preferential solvation by water within this range of cosolvent composition. The
hydrophobic hydration around the non-polar groups of TCC may contribute to lower-
ing the net dx, ; to negative values in these water-rich mixtures [36-40]. From this cosol-
vent composition (x, = 0.15) up to neat NMP, dx, ; exhibits positive values indicating

preferential solvation by NMP.
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Figure 5. Local mole fraction of NMP (1) in the environment near to TCC in {NMP (1) + W (2)}
mixtures at 298.15 K.

In water-rich cosolvent mixtures, the TCC behaves as a Lewis base against water since
the Kamlet-Taft parameter f is 0.14 for water and 0.754 + 0.019 for the NMP [41]. On
the other hand, in intermediate and NMP-rich cosolvent mixtures, where the TCC is
preferentially solvated by NMP, the TCC act as a Lewis acid due to the acid hydrogen
of the -NH- groups.

Mathematical Assessment of Solubility

One of the most versatile tools for process optimization is mathematical modeling,
which allows making approximations under different conditions than experimental

ones [42, 43].

Mathematical models to correlate drug solubility in cosolvent systems can be classified
into two groups: the models that work as a function of the cosolvent composition and
the models that work as a function of temperature. In the former, the most used models
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are Yalkowsky—Roseman-van't Hoff [44, 45], Wilson [46], Modified Wilson [47],
NRTL [46], and Extended Hildebrand [28, 48, 49]. In the latter, the most used models
are [26, 50], Apelblat [51], Buchowski-Ksiazaczak Ah [52, 53] and van’t Hoff-Yaws
model [54]. The latter models have a significant predictive potential whenever the data
to predict are to interpolate.

Hence, the experimental solubility data [30] were correlated with the models
Yalkowsky-Roseman-van’t Hoff (Eq. 12), van’t Hoft (Eq. 13), Apelblat (Eq. 14),
Buchowski-Ksiazaczak Ah (Eq. 15), vant Hoff-Yaws (Eq. 16), NRTL (Eq. 17),
Wilson (Eq. 18), and Modified Wilson (Eq. 19).

Inx;py, = [wl (A + g) +w, (C + ?)] (12)

Inxsp,, = A+ BT (13)

Inx3142 =A+BT '+CIn T (14)

In[1+A(1 - x3)x5] = (T —T;0) (15)

Inxzy, =A+BT P+ CT? (16)

Inxgq4p = 1—wy(1+nxg; )Wy +wydin) ™ —wy(1 +In x3, )(wy +wydyy) ™! (17)

Here, the parameters 4, B, C, D, A, and b are coeflicients for each of the models; 7" is
the temperature (in K); x3,,, is the solubility of TCC in the cosolvent mixture; xs, is
the TCC solubility in NMP; x;, is the solubility of TCC in water; and w, is the mass
fraction of NMP in the solvent mixture {NMP (1) + W (2)} free of solute (3).

Inys = (2723623 + x1713G13) (X3 + X263 + x3G13)™" = x3(x2723G 3 + X1713G13) (x5 +
X263 + X3G13) "2 + %3Gy (X3Gap + Xp + %1G12) ™ Me3p = (x3T32G3p + X1712G15) %3Gz + (18)
X+ x1G15) ]+ 21631 (x3Ga1 + %261 + x1) 7 T3y = (X3T31G31 + X721 G1) (X361 +

xG31 + x1)7 ']
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Iny;= 1-Inin(x3+ x45 + x1431) = [(x30x5 + x2435 + x1431)71) + (xp453(x33 + (19)

Xy + X1421) 1) + (21413 (x3413 + X415 + 1) 1)]

Where y; is the activity parameter of TCC; and 7, G'and / are model parameters.

Regarding the NRTL model, G is a dimensionless interaction parameter, which
depends on the energy interaction parameter, ¢, and the nonrandomness factor, «. The
NRTL model contains three parameters, but the reduction of experimental data for
several binary systems indicates that « varies from 0.20 up to 0.47; when experimental
data are few, a value is usually settled arbitrarily as 2 = 0.3. Therefore:

Gij = e(—aij‘fij); aij = aji =0.3 (20)

The mathematical models were developed using Python, and functions for each model
were fitted through non-linear least squares using the scipy.optimize.curve_fit library
[55]. To validate the fit of the models the experimental data were randomly sorted
into training and test data using the sklearn.model_selection library [56, 57]. The fit
was conducted with 60% of the experimental data, while the remaining 40% was used
for validation. An exception to this approach was the Yalkowsky-Roseman-van’t Hoft
model since the data corresponds to pure solvents at the lowest and highest study tem-
peratures, i.e., TCC solubility in neat water at 278.15 K and 318.15 K, and TCC solu-
bility in neat NMP at the same temperatures. Tables 2-9 present the parameters of each
of the models and their Mean Relative Difference (MRD) (Eq. 21).

MRD = 22 sk % (21)

e
X3

Here, N is the number of solubility data points, while X and x5 represent the experi-
mentally measured and calculated solubility.

Table 2. Parameters of the Yalkowsky—Roseman-van’t Hoff model parameter and its corresponding
MRD.

Parameter Values
A 10.63
B -4230.53
C -3.56
D -4751.56
8.13
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Table 3. Parameters of the van't Hoft model and its corresponding MRD.

w, A B MRD%
0.00 -5127.8 -2.38 6.00
0.05 -5127.6 -1.53 3.34
0.10 -5152.5 -0.72 3.60
0.15 -5211.7 0.20 0.94
0.20 -5322.0 1.38 2.51
0.25 -5410.2 2.43 3.69
0.30 -5347.2 2.98 2.28
0.35 -5222.7 3.49 3.36
0.40 -5174.9 4.10 2.09
0.45 -5047.1 4.56 3.71
0.50 -4969.8 5.13 2.69
0.55 -4862.8 5.55 2.72
0.60 -4749.2 6.01 1.00
0.65 -4736.2 6.80 2.79
0.70 -4550.8 6.99 1.32
0.75 -4496.5 7.62 1.62
0.80 -4410.2 8.10 0.68
0.85 -4321.3 8.59 0.35
0.90 -4262.2 9.17 0.00
0.95 -4235.0 9.86 0.00
1.00 -4188.1 10.49 2.53

Overall MRD 2.25

Table 4. Parameters of the Buchowski—Ksiazczak Ah model and its corresponding MRD.
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w; A B MRD%
0.00 0.00001 913568649 6.00
0.05 0.00001 390972442 3.33
0.10 0.00003 183266236 3.59
0.15 0.00006 82730914 0.94
0.20 0.00017 32041877 2.50
0.25 0.00040 13431986 3.69
0.30 0.00078 6817187 2.29
(Continued)
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w, A B MRD%
0.35 0.00166 3141589 3.36
0.40 0.00334 1549812 2.09
0.45 0.00670 752882 3.71
0.50 0.01380 359683 2.69
0.55 0.02570 188971 2.72
0.60 0.05003 94801 1.00
0.65 0.11326 41762 2.78
0.70 0.19494 23312 1.32
0.75 0.40503 11087 1.60
0.80 0.77909 5658 0.68
0.85 1.51958 2847 0.36
0.90 3.13912 1365 0.04
0.95 7.02004 612 0.11
1.00 16.85140 258 2.58

Overall MRD 2.26

Table 5. Parameters of the Apelblat model and its corresponding MRD.

w, A B C MRD%
0.00 -80.6 -1665.3 11.7 6.16
0.05 -731.3 27925.3 108.6 4.02
0.10 -314.3 9066.0 46.7 3.07
0.15 3.9 -5353.7 -0.56 0.87
0.20 -274.9 7160.8 41.1 2.02
0.25 176.0 -13292.9 -25.8 3.82
0.30 327.6 -19994.6 -48.3 1.38
0.35 6124 -32827.0 -90.6 4.80
0.40 -52.9 -2583.7 8.47 1.94
0.45 -762.6 29706.7 114.2 4.66
0.50 -81.7 -1081.0 12.9 2.70
0.55 -16.4 -3852.3 3.25 2.64
0.60 23.4 -5527.5 -2.60 1.04
0.65 -261.3 7378.9 39.9 222
0.70 18.4 -5035.1 -1.72 1.44
0.75 -338.2 11147.6 51.5 1.40
0.80 -132.1 1936.6 20.9 0.81
0.85 -65.4 -973.1 11.0 0.30

(Continued)
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w, A B C MRD%

0.90 9.2 -4263.9 0.01 0.00

0.95 10.4 -4260.6 -0.08 0.00

1.00 -21.0 -2758.6 4.68 2.55

Overall MRD 2.28
Table 6. Parameters of the van’t Hoff-Yaws model and its corresponding MRD.

w, A B C MRD%
0.00 491 -9476.6 647836.2 6.10
0.05 52.3 -37892.0 4981229.3 4.08
0.10 22.3 -19169.8 2134242.9 3.07
0.15 -0.30 -4933.1 -38098.8 0.87
0.20 22.2 -17993.5 1921841.5 2.04
0.25 -10.1 2234.9 -1165925.7 3.83
0.30 -21.6 9532.8 -2252899.8 1.40
0.35 -41.1 21943.8 -4135104.1 4.82
0.40 8.17 -7664.5 380483.3 1.95
0.45 61.0 -39409.7 5225825.2 472
0.50 12.3 -9266.2 645959.9 2.66
0.55 7.05 -5792.6 144533.9 2.64
0.60 4.56 -3883.7 -129734.7 1.04
0.65 26.9 -16942.5 1851319.2 2.21
0.70 5.73 -3818.6 -105450.2 1.42
0.75 33.2 -20055.3 2362329.4 1.42
0.80 18.4 -10686.3 953561.0 0.82
0.85 14.1 -7651.3 505463.1 0.30
0.90 9.17 -4260.5 -258.6 0.00
0.95 9.82 -4209.2 -3906.0 0.00
1.00 13.0 -5689.7 228991.6 2.56

Overall MRD 2.28
Table 7. Parameters of the NRTL model and its corresponding MRD.

T 7(1.2) 7(1.3) 7(2.1) 7(2.3) 7(3.1) 7(3.2) MRD
288.15 -7.38 7.73 4.09 17.15 -3.12 -1.72 0.06
293.15 -7.77 7.48 4.03 17.59 -3.07 -191 0.14
298.15 -8.10 7.37 4.08 18.14 -3.02 -2.10 0.04
303.15 -8.07 7.14 411 17.80 -2.97 -2.02 0.02
308.15 -6.28 6.61 4.15 13.32 -2.93 0.58 0.06
313.15 -6.25 6.52 424 13.23 -2.89 0.58 0.09
318.15 -0.09 5.96 3.44 12.47 -2.89 3.40 0.75

Overall MRD 0.17
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Table 8. Parameters of the Wilson model and its corresponding MRD

T A(1.2) A(1.3) A(2.1) A(2.3) A(3.1) A(3.2) MRD
288.15 0.000 0.000 5.789 0.683 6.438 1.675 0.000
293.15 0.000 0.000 5.625 0.636 6.488 1.875 0.000
298.15 0.000 0.000 5.466 0.695 6.437 1.769 0.001
303.15 0.000 0.000 5.308 0.696 6.499 1.852 0.001
308.15 0.000 0.000 5.151 0.630 6.780 2217 0.001
313.15 0.000 0.000 4.999 0.657 6.916 2.261 0.001
318.15 0.000 0.000 4.849 0.637 7.287 2.553 0.001

Overall MRD 0.001

Table 9. Parameters of the Modified Wilson model and its corresponding MRD.

T A Ao MRD
288.15 0.98 1.02 13.35
293.15 1.03 0.97 7.93
298.15 1.98 0.93 3.53
303.15 -0.03 1.24 34.25
308.15 1.02 0.98 5.75
313.15 0.98 1.02 6.47
318.15 0.98 1.02 5.25

Overall MRD 10.93

The two models with higher deviations from the experimental data are the Modified
Wilson and Yalkowsky-Roseman-van’t Hoff (YRvH) models with MRD of 10% and
8%, respectively. However, based on the modeling principle of using the least number
of experimental data, the best model was the YRvH. The YRvH model parameters were
calculated from only four experimental data and would allow maximum reduction of
tests for a wide range of temperatures and cosolvent compositions. Regarding the MRD

results, the best models were Wilson (MRD%=0.001%) and NRTL (MRD%=0.17%).

When evaluating the performance of the models (Table 10), it was observed that all
correlation coeflicients are approximately 1.0 (Figure 6), -values are high, the Fegger
values are low, and p-values are below 0.001. This statistical analysis indicates that the
correlation and model constants are meaningful, and the increase in the number of
parameters in the models does not represent a significant advantage when predicting
solubility. As mentioned before, one of the most versatile models due to the reduced
number of experimental data required to calculate its parameters and its great predic-
tive power is the Yalkowsky-Roseman-van’'t Hoff model. In addition, this model allows
the calculation of solubility as a function of both cosolvent composition and tempera-
ture, unlike the other models evaluated.
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Figure 6. Experimental solubility data versus predicted solubility of TCC (3) in {NMP (1) + W (2)}

and cosolvent mixtures.
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Table 10. Statistical analysis of the correlation for all mathematical models.

Model Correlation F o p
Apelblat 0.9995 283485.9 42.107% «0.001
Modified Wilson 1.0000 6416467.2 0.00 «0.001
NRTL 0.9950 28907.9 7.5.107168 «0.001
van't Hoff 0.9995 281565.6 6.9-10% «0.001
Wilson 1.0000 3048266.1 0.00 0.001
Yaws 0.9995 283653.0 4.1.10% «0.001
Buchowski—Ksiazczak 0.9995 272478.9 7.3.10%3% «0.001
zfrlllft"lv_lvf)lg‘m’semm‘ 0.9993 2167255 1.0.102% «0.001

CONCLUSIONS

The TCC solubility in cosolvent mixtures {NMP (1) + W (2)} is strongly controlled
by the cosolvent composition. According to the solvation parameter, this increase in
the solubility of TCC when increasing the NMP concentration is due to a higher affin-
ity between TCC and NMP. Furthermore, the low solubility of TCC in neat water
and water-rich mixtures may be due to a hydrophobic hydration effect around the non-
polar groups of TCC, which could also lead to free water structuring.

According to the statistical analysis, all the mathematical models implemented achieved
satisfactory results. However, the Yalkowsky-Roseman-van't Hoff model was the most
versatile due to its simplicity and ability to use a limited number of experimental data
for its development.
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SUMMARY

Introduction: Schisandra chinensis is a plant species whose fruits have been well
known for its multiple pharmacological effects. In the current work, aqueous extract
of S. chinensis fruits is used to produce Copper nanoparticles (CuNPs) through
green-synthesis method. Physical and biological essays characterized the
nanoparticles obtained. Aim: To produce Copper nanoparticles through a green-
synthesis method using the aqueous extract of S. chinensis fruits and to characterize
this material using spectroscopic methods, including UV-Vis, FTIR (Fourier
Transform Infrared Spectra), X-ray diffraction, and SEM (Scanning electron
microscopy). Subsequently, the nanoparticulate material is evaluated against
three tumor cell lines: A549 human lung cancer cell line (CRM-CCL-185TM),
HT29 human colorectal adenocarcinoma cell line (ATCC® HTB-38TM) and
MCF?7 breast cancer cell line (ATCC® HTB-22TM). Results: Through a green-
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Preparation, characterization, and evaluation of copper nanoparticles

synthesis method, Copper nanoparticles were synthesized from aqueous extract
of S. chinensis fruits, demonstrating a spherical morphology with a size close to 26
nanometers by means of spectral methods. Furthermore, results suggest that the S.
chinensis reduced CuNPs were able to induce mainly early apoptotic cell death in
cancer cells in a concentration-dependent manner. Conclusions: The results proved
that S. chinensis fruit aqueous extract could be applied for a greener synthesis of

copper nanoparticles with potential anti-proliferative effect.

Keywords: Schisandra chinensis; material science; nanotechnology, green synthesis,

copper nanoparticles, antiproliferative effects, carcinoma.

RESUMEN

preparacién y caracterizacion de nanoparticulas de cobre de
Schisandya chinensis y evaluacion de su actividad antiproliferativa

Introduccién: Schisandra chinensis es una especie vegetal cuyos frutos han sido
muy conocidos por sus multiples efectos farmacoldgicos. En el trabajo actual, se
utiliza extracto acuoso de frutos de S. chinensis para producir nanoparticulas de
cobre (CuNP) mediante el método de sintesis verde. Ensayos fisicos y biolégicos
caracterizaron las nanoparticulas obtenidas. Objetivo: producir nanoparticulas de
cobre mediante un método de sintesis verde utilizando el extracto acuoso de frutos
de S. chinensis y caracterizar este material mediante métodos espectroscépicos,
incluidos UV-Vis, FTIR (espectros infrarrojos por transformada de Fourier),
difraccién de rayos X y SEM. (Microscopia electrénica de barrido). Posteriormente,
el material nanoparticulado se evalta frente a tres lineas celulares tumorales: linea
celular de cdncer de pulmén humano A549 (CRM-CCL-185TM), linea celular de
adenocarcinoma colorrectal humano HT29 (ATCC° HTB-38TM) y linea celular de
céncer de mama MCF7 (ATCC° HTB -22TM). Resultados: Mediante un método
de sintesis verde, se sintetizaron nanoparticulas de cobre a partir de extracto acuoso
de frutos de S. chinensis, demostrando mediante métodos espectrales una morfologia
esférica con un tamano cercano a los 26 nanémetros. Ademas, los resultados sugieren
que las CuNP reducidas de S. chinensis fueron capaces de inducir principalmente la
muerte celular apoptdtica temprana en células cancerosas de una manera dependiente

de la concentracién. Conclusiones: Los resultados demostraron que el extracto
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acuoso del fruto de S. chinensis podria aplicarse para una sintesis mas ecolégica de

nanoparticulas de cobre con potencial efecto antiproliferativo.

Palabras clave: Schisandya chinensis; ciencia material; nanotecnologfa, sintesis verde,

nanoparticulas de cobre, efectos antiproliferativos, carcinoma.

REsuMmoO

Preparacio e caracterizagao de nanoparticulas de cobre de
Schisandya chinensis e avaliagao de sua atividade antiproliferativa

Introdugao: Schisandra chinensis ¢ uma espécie vegetal cujos frutos sio bastante
conhecidos por seus miltiplos efeitos farmacoldgicos. No presente trabalho,
extrato aquoso de frutos de S. chinensis ¢ utilizado para produzir nanoparticulas
de cobre (CulNPs) através do método de sintese verde. Ensaios fisicos e bioldgicos
caracterizaram as nanoparticulas obtidas. Objetivo: Produzir nanoparticulas de
cobre através de um método de sintese verde usando o extrato aquoso de frutos de
S. chinensis e caracterizar este material usando métodos espectroscépicos, incluindo
UV-Vis, FTIR (Fourier Transform Infrared Spectra), difragio de raios X ¢ MEV.
(Microscopia eletronica de varredura). Posteriormente, o material nanoparticulado
¢ avaliado contra trés linhagens de células tumorais: linhagem celular de cincer de
pulmio humano A549 (CRM-CCL-185TM), linhagem celular de adenocarcinoma
colorretal humano HT29 (ATCC® HTB-38TM) e linhagem celular de cancer de
mama MCF7 (ATCC°*HTB -22TM). Resultados: Através de um método de sintese
verde, nanoparticulas de cobre foram sintetizadas a partir de extrato aquoso de frutos
de S. chinensis, demonstrando uma morfologia esférica com tamanho préximo a 26
nandmetros por meio de métodos espectrais. Além disso, os resultados sugerem
que os CuNPs reduzidos de S. chinensis foram capazes de induzir principalmente a
morte celular apoptética precoce em células cancerosas de uma maneira dependente
da concentragao. Conclusées: Os resultados provaram que o extrato aquoso da fruta
S. chinensis pode ser aplicado para uma sintese mais verde de nanoparticulas de cobre

com potencial efeito antiproliferativo.

Palavras-chave: Schisandra chinensis; ciéncia dos materiais; nanotecnologia, sintese

verde, nanoparticulas de cobre, efeitos antiproliferativos, carcinoma.
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INTRODUCTION

The application of nanoscale materials is an emerging area of pharmaceutical nanotech-
nology. Nanoparticles are structures with a size extending approximately from 1 nm up
to 100 nm in length exhibiting specific characteristics in distribution and morphology
[1]. Synthesis of copper nanoparticles (CulNPs) is interesting for the scientific commu-
nity because of the wide range of applications in pharmaceuticals, photonics, electron-
ics, sensing and catalysis [2, 3]. CuNPs have interest due to their excellent physical and
chemical properties such as high surface-to-volume ratio, thermal conductivity, as well
as their capacity to penetrate cellular barriers [4]. In fact, these nanoparticles could be
used in cancer diagnosis and treatment [5]. The production of metallic CuNPs with
different morphologies and sizes has been realized during the last decade by using
different routes [6-13]. Although various techniques including chemical and physi-
cal procedures have been developed, an alternative route is the biosynthesis of metal
nanoparticles starting from plant extracts [14, 15]. The last one is a specific applica-
tion of green chemistry, characterized by a more efficient and less hazardous synthesis
process, being a cost-effective and eco-friendly approach. Because the control of par-
ticle size and morphology are essential characteristics for application in biomedicine,
the biological approach is superior to the chemical and physical synthesis methods for
metal nanoparticles [16]. Such Likewise, stabilization of copper ions using leaf or fruit

extracts and characterization of resulting nanoparticles have been documented in pre-
vious studies [17, 18].

The use of vegetable extracts for the biosynthesis of metal nanoparticles is based on the
observation that plants can uptake and bio-reduce metal ions from soils and solutions. Many
plant species contain different types of antioxidative compounds (reductant agents) such as
flavonoids, coumarins, xanthones, anthraquinones, and terpenoids. The phytocompound-
enriched plant extracts are the principal ones involved in metal salt reduction from positive
oxidation state to zero, and thus, acting as reducing agents. These substances, traditionally
referred as secondary metabolites, are distributed differentially among limited taxonomic
groups within the plants kingdom. For instance, a broad range of plants with high content
of these metabolites, including Allium sativum [19)], Ocimum sanctum L. [20], Capparis
spinose [21], Citrus limon (22, Curcuma longa [23)], Magnolia Kobus [24), Passiflora foetida
(25], Piper retrofractum Vahl [26], Punica granatum [27), Asparagus adscendens [28], have
been used for the synthesis of CuNPs. Furthermore, some studies revealed that using plant
extracts as reductant agents for the synthesis of CulNPs by the biological method exhibited
anticancer potential, antiproliferative and cytotoxic activity [29-32]. Another reports about
synthesis of nanoparticles or composites using fruit extracts especially utilizing flavonoids,
polyphenols etc. have been reported numerous times in the past [33, 34].
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Schisandra chinensis is a plant species whose fruits have been well known in Far East-
ern medicine for a long time. It had been reported that the most important compo-
nents of the S. chinensis berries are dibenzo[a,c]cyclooctadiene lignans also known
as “schisandra lignans” [35], which are not easily found in other plants. Lignans are
secondary metabolites that belong to the polyphenolic compounds. Moreover, some
studies demonstrated that S. chinensis exhibits antitumor [36], anti-hepatotoxic and
hepatoprotective [37, 38], anti-cancer [39], neuroprotective [40], anti-diabetic [41],
and antioxidant [39, 42] properties. Formation of nanoparticles using green chemistry,
characterization, effects of fruit extracts and potential application in cancer medicine
using Schisandra genus have been discussed in prior literature [34, 43-49].

The current therapeutic agents used for cancer treatment are very costly with addi-
tional problems such as severe side effects and toxicity on non-cancerous tissues. Con-
sequently, it is necessary to explore a new cost-effective and biocompatible therapeutic
approach against cancer.

For the above-mentioned reasons, the current study was designed to prepare and
characterize the biosynthesized CulNPs using a bioreduction procedure with aque-
ous extract of S. chinensis as a bioreducing agent and evaluate its antiproliferative and
apoptotic effects on A549 human lung cancer cell line (CRM-CCL-185TM), HT29
human colorectal adenocarcinoma cell line (ATCC® HTB-38TM) and MCF?7 breast
cancer cell line (ATCC®° HTB-22TM).

MATERIALS AND METHODS

Materials

The dried S. chinensis berries extract was obtained from Gelinna Health Center (Xi’an
Greena Biotech Co., Ltd., Yantra District., Xi’an, China); copper sulphate penta-
hydrate (CuSO,.5H,0) used in the study was of analytical grade (Sigma-Aldrich);
de-ionized and distilled water were directly obtained from our laboratory at the Uni-
versidad El Bosque, Bogotd D.C., Colombia; Dulbecco’s Modified Eagle Medium
(DMEM) culture medium, resazurin, dimethyl sulfoxide (DMSQ) and all other used
reagents and chemicals were purchased from Sigma-Aldrich; Fetal bovine serum (FBS)
and Penicillin-Streptomycin solution was obtained from Gibco® Life Technologies and

Trypsin-EDTA from Lonza.

Preparation of S. chinensis aqueous extract

20 g of the dried S. chinensis berries extract was taken in a beaker along with 100 mL
of de-ionized water that it is heated at 60 °C during 30 minutes under reflux condi-
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tions and cooled down to room temperature. After that the solution was filtered using
Whatman Grade 2 filter paper to eliminate non-soluble materials obtaining a clear
solution. The filtrate was stored at 4 °C for further experiments.

Biosynthesis of copper nanoparticles

The biosynthesis of CuNPs was performed according to Usha ez al. [20] with slight
modifications. The S. chinensis aqueous extract (50 mL) was mixed with 200 mL of
1 mM aqueous copper sulphate pentahydrate solution under continuous stirring at
80 °C on a hot plate. The plant extract was mixed by slow drip with the copper solution
for 4 h. After complete mixing of the plant extract and precursor the mixture was incu-
bated at 31 °C for 24 h. A color change from yellow to brick brown was observed that
indicated the formation of copper nanoparticles. The solution was then centrifuged
at 6000 rpm for 30 min. followed by re-dispersion of the pellets in deionized water
to remove any unwanted biological materials. This procedure was done three times.
Finally, the pellets were filtrated and dried at 80 °C in an oven and stored in screw-
capped vials under ambient conditions for further characterization and application.

Characterization of biosynthesized CuNPs

Synthesized copper nanoparticles were subjected to various characterization studies
for identification of size and morphology as follows:

UV-Spectroscopy:

The reduction of copper sulphate to copper was monitored by recording UV-Vis spec-
trum of the reaction mixture after diluting a small aliquot of the sample with deion-
ized water. The measurements were recorded on a Genesys -Thermo Scientific UV-Vis
spectrometer (model 10S) operated in 200-800 nm wavelength.

FTIR analysis of bio-mass before and after bio-reduction:

Fourier-transform infrared spectra of S. chinensis berries extract powder and the dried
CuNPs were acquired in the range 4000 to 500 cm™ with a Bruker - Alpha Platinum
Infrared Spectrophotometer by ATR technique.

X-Ray diffraction (XRD) studies:

X-ray diffraction measurement of the S. chinensis reduced CuNPs was carried out
using a powder X-ray diffractometer instrument (PANalytical Xpert Pro) in the angle
range of 100-700 operated at a voltage of 40 kV and a current of 30 mA with CuKe
radiation in a 6-26 configuration. The crystallite domain size was calculated by using
Debye- Scherrer formula.
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Scanning electron microscopy (SEM):

SEM micrographs of the S. chinensis reduced CuNPs were obtained usinga SEM Tesca
Vega 3 SB microscope.

Antiproliferative activity and apoptosis evaluation

The cytotoxic potential of CuNPs was evaluated iz vitro on different cell lines such as

described below:

Propagation and maintenance of cell lines

The cell lines used in these studies were A549 human lung cancer cell line (CRM-
CCL-185™), HT29 human colorectal adenocarcinoma cell line (ATCC®° HTB-38™)
and MCF?7 breast cancer cell line (ATCC® HTB-22™). All lines were maintained
in DMEM with sodium pyruvate (1 mM), penicillin (100 UI/mL), streptomycin
(100 pg/mL), and 10% of Fetal bovine serum (FBS). Cells were cultured in T-25 flasks
at 37.0 °C, 5% CO, and 80% relative humidity, changing media at least twice a week.

Sample preparation

S. chinensis reduced CuNPs stock solution (50 mg/mL) was made in a DMSO-phos-
phate-buffered solution (PBS) (1:1) mix and five 1:2 serial dilutions starting with
100 pg/mL were prepared in culture media and added to the cells. S. chinensis aqueous
extract, while CuSO,.5H,0 solutions were used as controls. In all experiments, the
final concentration of DMSO in the wells was below to 0.1%.

In-vitro cytotoxic essay

The cells were seeded in 96-well flat-bottom plates at a density of 20000 cells per well
for HT-29 and 5000 for A549 and MCF-7. Once the cells adhered to the support,
they were exposed to treatments for 72 h. The effect of the vehicle was evaluated in all
tests. The cytotoxicity of CuNPs, CuSO45H,O and S. chinensis extract was evaluated
by the resazurin reduction assay.

Resazurin reduction essay

Following the exposure times to the treatments, the medium was replaced by 100 uL of
44 uM resazurin; then, after 4 hours of incubation, the fluorescence emitted by the via-
ble and/or metabolically active cells was quantified at an excitation wavelength of 535
nm and an emission of 595 nm using a TECAN GENios spectrofluorometer. Assays
were performed over three independent weeks in triplicate. The results were reported
in terms of percentages of viability with respect to the control without treatment.
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Apoptosis assay

The induction of apoptosis was examined using the fluorescein isothiocyanate (FITC)
Annexin V Apoptosis Detection Kit with 7-AAD (BioLegend Inc., San Diego, USA)
following the manufacturer’s instructions. After treatment, attached cells were col-
lected by trypsinization and washed with PBS, cell pellet obtained was resuspended in
50 uL of 1x annexin V binding buffer and incubated for 15 min at room temperature
in the presence of 2 uL of annexin V-FITC and 2 uL of 7-AAD. After incubation, 200
uL of Ix annexin V binding buffer was added, and the percentage of apoptotic cells was
analyzed usinga BD Accuri™ C6 flow cytometer (BD Biosciences, San Jose, USA) and
the FlowJo software (TreeStar, Inc). For each sample, 10000 total events were acquired.
All experiments were conducted in triplicated, and cells treated with 100 nM of pacli-
taxel were included as death control.

Statistical analysis

All data were analyzed using Prism Software version 9.5 (GraphPad Software Inc., La
Jolla, CA, USA). Statistical significance was determined using the 7-test to compare
two independent groups. Differences were considered significant at p < 0.05.

RESULTS AND DISCUSSION

UV-Vis Analysis spectra

The UV-Vis spectrum conducted on the aqueous dispersion of copper nanoparticles
synthesized from the extract of S. chinensis showed a peak of maximum absorption
at 475 nm as illustrated in Fig. 1. The solution exhibited a greenish-brown coloration
after the reaction, which is consistent with previous reports confirming the production
of nanoparticulate material [50]. The maximum absorption peak corresponds to the
Surface Plasmon Resonance (SPR). Its position in this spectrum scale depends on vari-
ous factors, such as the particle shape, size, the solvent used, and the general synthesis
conditions, including factors like agitation and temperature, among others. However,
absorption in this region of the UV spectrum confirms the formation of the metallic
nanoparticles [51].

Infra Red Analysis spectra

During the bioreduction process, organic molecules lead to the formation of metal-
lic nanoparticles. Consequently, the organic functional groups of the stabilizing mol-
ecules can be observed through infrared spectra. The infrared spectrum reveals various
organic functional groups. In our case, the obtained nanoparticles were analyzed using
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the FTIR (Fourier Transform Infrared) technique, and the results were compared with
the spectrum of the dried sample of the pure aqueous extract of S. chinensis. The FTIR
spectrum (V,,, (cm™)) of aqueous S. chinensis extract showed many characteristics
absorption bands, namely at 3308 cm™ (Voy, s, broad, polyhydroxyl hydrogen bond-
ing), 2928 cm™ (vVey, H;CO, m), 1710 em™ (Veo, C=0, ), 1528 em™ (Ve aromaricr
C-C- aromatic, m), 1406 cm™ (Vc.y, amide, s), 1246 cm™ (Vc.o, phenolic, s), 1029
cm™ (Ve.o, ether, s) and 936 cm™ (Ve y, alkene, s); whereas, the synthesized nanopar-
ticles at 3302 cm™ (Voy, s, broad, polyhydroxyl hydrogen bonding), 2914 ecm™ (vey,
H,CO, m), 1582 cm™ (V¢ womuio C-C aromatic, m), 1371 cm™ (Vcy, amide, m),
1025 cm™ (V.o ether, s) and 613 cm™ (Vg aromaiee C-H- aromatic, s), as can be seen in

ﬁgurcs 2 and 3.

475

Absorbance (a.u.)

400 410 420 430 440 450 460 470 480 490 500 510 520 530
Wavelength (nm)

Figure 1. The UV spectrum of the nanoparticle dispersion.

Wavenumber (cm™)
3.850 3.350 2.850 2350 1.850 1.350 850 350

Transmittance (a.u.)

Figure 2. FTIR spectrum of S. chinensis aqueous extract
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Wavenumber (cm-1)
3.850 3350 2850 2350 1.850 1.350 850 350

Transmittance (a.u.)

Figure 3. FTIR spectrum of copper nanoparticles

The infrared spectra of both the aqueous extract of S. chinensis and the formed nanopar-
ticles display the characteristic functional organic groups found in the most abundant
secondary metabolites of plant species, such as lignans [52]. The spectra confirm the
presence of organic reducing groups that could exert dual function: on the one hand,
the bioreduction of the metallic substrate, and, on the other hand, the stabilization of
the formed nanoparticles.

X-Ray diffraction spectrum analysis

The crystallinity and crystallite size of copper nanoparticles synthesized were con-

firmed by XRD analysis as shown in Fig. 4 (red line).

INTENSITY (A.U.)

0 10 20 30 40 50 60 70 80
2THETA (DEGREE)

Figure 4. XRD pattern of copper nanoparticles

XRD spectrum showed distinct diffraction peaks at 26 = 36.12°, 42.6°, 50° and 61.3°.
The crystallite size and crystallinity of copper nanoparticles synthesized from the aque-
ous extract of S. Chinensis were calculated according to the modified Scherrer equation
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[53-55]. The crystallite size and crystallinity were found around 263.6 A under the
described experimental conditions, which indicates a high surface area and also a sur-
face area/volume ratio of these nanoparticles.

Scanning electron microscopy (SEM)

Scanning Electron Microscopy allowed the observation of the surface morphology of
nanoparticles. The SEM study demonstrated that size was around 26 nm, as could be
inferred from the X-ray diffraction studies. In Fig. 5, spherical nanoparticles can be
observed, along with some agglomerations, which possibly result from electrostatic
interactions or hydrogen bonding between the different functional groups of the
organic molecules that make up the coating of the generated nanoparticles.

EZEM HY: 15. 0 kY wD: 600 am
SEM MAG: 36.0 kx Det: 3E

Figure 5. SEM image showing copper nanoparticles

Antiproliferative activity and apoptosis evaluation

The in vitro antiproliferative activity of reduced CuNPs, CuSO,.5H,O and S. chinensis
extract was evaluated in lung cancer cells (A549), colon cancer cells (HT-29) and breast
cancer cells (MCF-7) using the resazurin reduction assay, which is based on the abil-
ity of viable and metabolically active cells to reduce resazurin to resorufin. The results
are shown in Fig. 6 and suggest that S. chinensis reduced CuNPs induce cytotoxic
effects on all cancer cells in a dose-dependent manner, with 50 and 100 pg/mL being
the most effective concentrations at 72 h post-treatment. Interestingly, CuSO,.5H,0
and extract does not affect the cell viability of tumor cell; in this way, only a moder-
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ate reduction of cell viability was observed in HT-29 cells at the highest concentration
tested. When the cell viability was compared, highly significant differences (p < 0.0001)
between the three treatments in all tumor cell lines at the highest concentrations tested,
were observed. On the other hand, calculated IC50 values showed that HT-29 (IC50 =
42.64 pg/mL) and MCEF-7 cells (IC50 = 40.68) were the most sensitive in comparison
with A549 cells (IC50 = 63.78) to treatment with CuNDPs.

. CuSO,.5H,0
= S. chinensis extract
CuNPs

% Cell Viability

100 50 25 125 6.25
Concentration (ug/mL)

HT-29

N 2 2 @ 3 B
8 8388 8

% Cell Viability
% Cell Viability

°

100 50 25 125 6.25 100 50 25 125 6.25
Concentration (ug/mL) Concentration (ug/mL)

Figure 6. S. chinensis reduced CulNPs decreases cell viability of cancer cells in a dose-dependent
manner. Three cancer cell lines (a) A549 (b) HT-29 and (c) MCF-7 were treated with different
concentrations of CuNPs by 72 h. CuSO,.5H,0 and S. chinensis extract were used as controls. Cells
were incubated for 4 h after treatments with resazurin 44 pM, the fluorescence of each well was
recorded using a spectrofluorometer (A ex = 535 nm and A em = 595 nm) and percent viability was
calculated using the fluorescence of untreated wells as 100%. The results are shown as the means +
standard error of the mean (SEM) from three independent experiments conducted in triplicate. (*)
£<0.05, (") p < 0.01, (***) p < 0.001, (****) p < 0.0001.

The resazurin assay measures changes in the redox metabolism that indicate a decrease
in the cellular proliferation/viability, although they do not distinguish between the
types of cellular death. For this reason, the presence of apoptotic cells through an
annexin-V binding assay by flow cytometry was analyzed. As shown in Fig. 7, more
than 80% of CuNPs-treated cells at the highest concentrations (100 or 50 pg/mL) were
annexin-V positive, except for A549, on which a high level of apoptosis was induced
at 100 pg/mL (Fig. 7a). Similarly, a high proportion of death cell was only detected in
HT-29 and MCF-7 cells treated with 100 pg/mL of CuSO,.5H,0 (81.7% and 92.3%,

respectively; Figs. 7b and 7c); however, significant differences in apoptosis induction
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between treatments were found at different concentrations. The percentage of A549
cells binding annexin-V was significantly higher in cultures treated with 100 pg/mL of
CuNPs in comparison with those treated with CuSO,.5H,0O at the same concentra-
tion (90.5% versus 39.5%, respectively; p < 0.01; Fig. 7a). Interestingly, this difference
was also observed in HT-29 and MCF-7 cells at a lower concentration. As shown in
Figs. 7b and 7c, apoptosis induction on these cells was significantly enhanced after
treatment with CuNPs 50 pg/mL compared to CuSO.5H,O at the same concentra-
tion (82.1% and 93.7% versus 22.2% and 10.2%, respectively; p < 0.0001). In contrast,
the S. chinensis aqueous extract did not induce significant apoptotic cell death in any
of the tested cells.

= CuSO,.5H;0
B S. chinensis extract
CuNPs

N 2 @ = 3 B
8 8383888

% Annexin V +

100 50 25 125 6.25
Concentration (ug/mL)

HT-29

% Annexin V +
% Annexin V +

100 50 25 125 6.25 100 50 25 125 6.25
Concentration (ug/mL) Concentration (ug/mL)

Figure 7. Apoptosis induction by S. chinensis reduced CuNPs in cancer cell lines. Three cancer cell
lines (a) A549 (b) HT-29 and (c) MCF-7 were treated with different concentrations of CuNPs by
72 h and the apoptotic cells were identified analyzing the annexin-V binding to cell surface by flow
cytometry. CuSO,.5H,O and S. chinensis extract were used as controls. The results are shown as the
means + SEM from three independent experiments conducted in triplicate. (*) p < 0.05, (**) p <
0.01, (***) p < 0.001, (****) p < 0.0001.

To determine the percentage of early and late apoptotic cells in CuNPs-exposed cul-
tures, flow cytometry was performed now using annexin-V and 7AAD. Early apop-
totic cells showed annexin V+/7AAD- staining patterns, whereas late apoptotic cells
exhibited annexin V+/7AAD+ staining patterns due to a loss of cell membrane integ-
rity. In non-treated control cells, 3.79% of the A549 cells, 7.77% of the HT-29 cells and
2.90% of the MCEF-7 cells were in early apoptosis, whereas 1.44%, 3.08% and 1.44% of
the A549, HT-29 and MCF-7 cells, respectively, were in late apoptosis (Fig. 8). Simi-
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lar results were obtained using S. chinensis extract, but exposition to CuSO.5H,0
resulted in a slightly higher early and late apoptosis processes. In contrast, after expo-
sure to CuNDPs, a significant increase of both apoptotic stages was identified within
all cell cultures. Thus, 16.0% of the A549 cells, 17.9% of the HT-29 cells and 13.1%
of the MCF-7 cells were in early apoptosis, whereas 76.6%, 61.1% and 81.2% of the
A549, HT-29 and MCF-7 cells, respectively, were in late apoptosis. In contrast, a very
low percentage of cells were in necrosis (annexin V-/7AAD+). All these results suggest
that the S. chinensis reduced CuNPs were able to induce mainly early apoptotic cell
death in cancer cells in a concentration-dependent manner.

Control CuS0,.5H,0 S. chinensis extract CuNPs

A549

HT-29

MCF-7

7AAD

Annexin V

Figure 8. Early apoptosis was detected in A549, HT-29 and MCF-7 cells treated with S. chinen-
sis reduced CuNPs. After a 72 h treatment with 100 pg/mL (A549) or 50 pug/mL (HT-29 and
MCE-7) of CuSO,.5H,0, S. chinensis extract or CuNPs, cells were stained with FITC annexin-V
and 7-AAD. The percentage of annexin-V and/or 7-AAD positive cells was analyzed by flow cyto-
metry. Dot plots from one representative of three independent experiments are shown. The control

column represents cells without treatment.
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CONCLUSIONS

Copper nanoparticles (CuNPs) were synthesized using a green synthesis method
from the aqueous extract of Schisandra chinensis fruits. The obtained nanoparticles
were characterized through spectroscopic methods, revealing a uniform particle size
of approximately 26 nm. These nanoparticles were tested against three different tumor
cell lines. Results suggest that the S. chinensis reduced CulNPs were able to induce
mainly early apoptotic cell death in cancer cells in a concentration-dependent manner.

ACKNOWLEDGMENTS

We would like to express our gratitude to the Facultad de Ciencias — Universidad
El Bosque (Bogotd D.C., Colombia), specifically the Department of Pharmaceuti-
cal Chemistry, and the Facultad de Ciencias — Universidad Nacional de Colombia
(Bogot4 D.C., Colombia), particularly the Department of Physics, for their technical
support in providing reagents and materials, as well as for making their facilities and
equipment available for the development of this research.

CONFLICTS OF INTEREST
The authors declare no conflict of interest.
REFERENCES

1. S.Panigrahi, S. Kundu, S.K. Ghosh, S. Nath, T. Pal, General method of synthesis
for metal nanoparticles, Journal of Nanoparticle Research, 6(4), 411-414 (2004).
Doi: https://doi.org/10.1007/S11051-004-6575-2

2. A. Tamilvanan, K. Balamurugan, K. Ponappa, B.M. Kumar, Copper nanopar-
ticles: Synthetic strategies, properties and multifunctional application, Inter-
national Journal of Nanoscience, 13(2), 1430001 (2014). Doi: https://doi.
org/10.1142/50219581X14300016

3. M. Din, R. Rehan, Synthesis, characterization, and applications of copper
nanoparticles, Aralytical Letters, 50(1), 50-62 (2017). Doi: https://doi.org/10.
1080/00032719.2016.1172081

258


https://doi.org/10.1007/S11051-004-6575-2
https://doi.org/10.1142/S0219581X14300016
https://doi.org/10.1142/S0219581X14300016
https://doi.org/10.1080/00032719.2016.1172081
https://doi.org/10.1080/00032719.2016.1172081

Preparation, characterization, and evaluation of copper nanoparticles

10.

11.

12.

M. Raffi, S. Mehrwan, T.M. Bhatti, J.I. Akhter, A. Hameed, W. Yawar, M.M.u.
Hasan, Investigations into the antibacterial behavior of copper nanoparticles
against Escherichia coli, Annals of Microbiology, 60(1), 75-80 (2010). Doi:
https://doi.org/10.1007/513213-010-0015-6

E. Sizova, S. Miroshnikov, V. Polyakova, N. Gluschenko, A. Skalny, Copper
nanoparticles as modulators of apoptosis and structural changes in tissues, Jour-
nal of Biomaterials and Nanobiotechnology, 3, 97-104 (2012). Doi: https://doi.
org/10.4236/jbnb.2012.31013

P. Fakhri, B. Jaleh, M. Nasrollahzadeh, Synthesis and characterization of cop-
per nanoparticles supported on reduced graphene oxide as a highly active and
recyclable catalyst for the synthesis of formamides and primary amines, Journal
of Molecular Catalysis A: Chemical, 383-384, 17-22 (2014). Doi: https://doi.
org/10.1016/j.molcata.2013.10.027

N. Nagar, V. Devra, Green synthesis and characterization of copper nanoparti-
cles using Azadirachta indica leaves, Materials Chemistry and Physics, 213, 44-51
(2018). Doi: https://doi.org/10.1016/j.matchemphys.2018.04.007

S.S.Joshi, S.E. Patil, V. Iyer, S. Mahumuni, Radiation induced synthesis and char-
acterization of copper nanoparticles, Nanostructured Materials, 10(7), 1135-
1144 (1998). Doi: https://doi.org/10.1016/S0965-9773(98)00153-6

S. Chandra, A. Kumar, P.K. Tomar, Synthesis and characterization of copper
nanoparticles by reducing agent, Journal of Saudi Chemical Sociery, 18(2), 149-
153 (2014). Doi: https://doi.org/10.1016/j.jscs.2011.06.009

P.K. Khanna, S. Gaikwad, PV. Adhyapak, N. Singh, R. Marimuthu, Synthesis
and characterization of copper nanoparticles, Materials Letters, 61(25), 4711-
4714 (2007). Doi: https://doi.org/10.1016/j.matlet.2007.03.014

L. Zhou, S. Wang, H. Ma, S. Ma, D. Xu, Y. Guo, Size-controlled synthesis of
copper nanoparticles in supercritical water, Chemical Engineering Research and

Design, 98, 36-43 (2015). Doi: https://doi.org/10.1016/j.cherd.2015.04.004

N.A. Dhas, C.P. Raj, A. Gedanken, Synthesis, characterization and properties of
metallic copper nanoparticles, Chemistry of Materials, 10(5), 1446-1452 (1998).
Doi: https://doi.org/10.1021/cm9708269

259


https://doi.org/10.1007/s13213-010-0015-6
https://doi.org/10.4236/jbnb.2012.31013
https://doi.org/10.4236/jbnb.2012.31013
https://doi.org/10.1016/j.molcata.2013.10.027
https://doi.org/10.1016/j.molcata.2013.10.027
https://doi.org/10.1016/j.matchemphys.2018.04.007
https://doi.org/10.1016/S0965-9773(98)00153-6
https://doi.org/10.1016/j.jscs.2011.06.009
https://doi.org/10.1016/j.matlet.2007.03.014
https://doi.org/10.1016/j.cherd.2015.04.004
https://doi.org/10.1021/cm9708269

Dario A. Tinjacé et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

260

B. Khodashenas, H.R. Ghorbani, Synthesis of copper nanoparticles: An over-
view of the various methods, Korean Journal of Chemical Engineering, 31(7),
1105-1109 (20 14). Doi: https://doi.org/lO. 1007/S11814-014-0127-Y

I. Hussain, N.B. Singh, A. Singh, H. Singh, S.C. Singh, Green synthesis of
nanoparticles and its potential application, Biotechnology Letters, 38(4), 545-
560 (2015). Doi: https://doi.org/10.1007/510529-015-2026-7

A. Gour, N.K. Jain, Advances in green synthesis of nanoparticles, Artificial Cells,
Nanomedicine, and Biotechnology, 47(1), 844-851 (2019). Doi: https://doi.org/
10.1080/21691401.2019.1577878

K. Parveen, V. Banse, L. Ledwani, Green synthesis of nanoparticles: Their advan-
tages and disadvantages, AIP Conference Procedures, 1724(1), 020048 (2016).
Doi: https://doi.org/10.1063/1.4945168

M.IL Din, E Arshad, Z. Hussain, M. Mukhtar, Green adeptness in the synthesis
and stabilization of copper nanoparticles: Catalytic, antibacterial, cytotoxicity,
and antioxidant activities, Nanoscale Research Letters, 12(1), 638 (2017). Doi:
https://doi.org/10.1186/s11671-017-2399-8

A.H. Keihan, H. Veisi, H. Veasi, Green synthesis and characterization of
spherical copper nanoparticles as organometallic antibacterial agent, Applied
Organomethallic Chemistry,31(7),e3642 (2017). Doi: https://doi.org/10.1002/
a0c.3642

AT. Joseph, P. Prakash, S.S. Narvi, Phytofabrication and characterization of cop-
per nanoparticles using Alium sativum and its antibacterial activity, International
Journal of Science, Engineering and Technology, 4(2), 463-472 (2016). URL:
https://www.ijset.in/wp-content/uploads/2016/05/10.2348.ijset03160463.pdf

S. Usha, K.T. Ramappa, S. Hiregoudar, G.D. Vasanthkumar, D.S. Aswathana-
rayana, Biosynthesis and characterization of copper nanoparticles from tulasi
(Ocimum sanctum L.) leaves, International Journal of Current Microbiology and
Applied Sciences, 6(11), 2219-2228 (2017). Doi: https://doi.org/10.20546/ijc-
mas.2017.611.263

K. Ebrahimi, S. Shiravand, H. Mahmoudvand, Biosynthesis of copper nanopar-
ticles using aqueous extract of Capparis spinosa fruit and investigation of its
antibacterial activity, Marmara Pharmaceutical Journal, 21(4), 866-871 (2017).
URL: https://dergipark.org.tr/en/download/article-file/407366


https://doi.org/10.1007/S11814-014-0127-Y
https://doi.org/10.1007/S10529-015-2026-7
https://doi.org/10.1080/21691401.2019.1577878
https://doi.org/10.1080/21691401.2019.1577878
https://doi.org/10.1063/1.4945168
https://doi.org/10.1186/s11671-017-2399-8
https://doi.org/10.1002/aoc.3642
https://doi.org/10.1002/aoc.3642
https://www.ijset.in/wp-content/uploads/2016/05/10.2348.ijset03160463.pdf
https://doi.org/10.20546/ijcmas.2017.611.263
https://doi.org/10.20546/ijcmas.2017.611.263
https://dergipark.org.tr/en/download/article-file/407366

Preparation, characterization, and evaluation of copper nanoparticles

22.

23.

24.

25.

26.

27.

28.

29.

MW. Amer, A.M. Awwad, Green synthesis of copper nanoparticles by Cizrus
limon fruits extract, characterization and antibacterial activity, Chemistry Inter-

national,7(1), 1-8 (2020). Doi: https://doi.org/10.5281/zenod0.4017993
N. Jayarambabu, A. Akshaykranth, T. Venkatappa-Rao, K. Venkateswara-Rao,

R. Rakesh-Kumar, Green synthesis of Cu nanoparticles using Curcuma longa
extract and their application in antimicrobial activity, Materials Letters, 259,

126813 (2020). Doi: https://doi.org/10.1016/j.matlet.2019.126813

H.J. Lee, J.Y. Song, B.S. Kim, Biological synthesis of copper nanoparticles using
Magnolia kobus leaf extract and their antibacterial activity, Journal of Chemi-
cal Technology and Biotechnology, 88(11), 1971-1977 (2013). Doi: hteps://doi.
org/10.1002/JCTB.4052

S.Kirubandanan, V. Subha, S. Renganathan, Green synthesis of copper nanopar-
ticles using methanol extract of Passiflora foetida and its drug delivery applica-
tions, International Journal of Green Chemistry, 3(2), 31-52 (2017). URL:
https://chemical. journalspub.info/index.php ?journal=IJGC&page=article&o
p=view&path%5B%5D=399

S. Amaliyah, D.P. Pangesti, M. Masruri, A. Sabarudin, S.B. Sumitro, Green syn-
thesis and characterization of copper nanoparticles using Piper retrofractum Vahl
extract as bioreductor and capping agent, Heliyon, 6(8), 04636 (2020). Doi:
https://doi.org/10.1016/j.heliyon.2020.¢04636

P.N. Padma, S.T. Banu, S.C. Kumari, Studies on green synthesis of copper
nanoparticles using Punica granatum, Annual Research & Review in Biology,

23(1), 1-10 (2018). Doi: https://doi.org/10.9734/arrb/2018/38894
S. Thakur, S. Sharma, S. Thakur, R. Radheshyam, Green synthesis of cop-

per nano-particles using Asparagus adscendens roxb. Root and leaf extract and
their antimicrobial activities, International Journal of Current Microbiology and
Applied Sciences, 7(4), 683-694 (2018). Doi: https://doi.org/10.20546/ijc-
mas.2018.704.077

R.M. Kiriyanthan, S.A. Sharmili, R. Balaji, S. Jayashree, S. Mahboob, K.A. Al-
Ghanim, F. Al-Misned, Z. Ahmed, M. Govindarajan, B. Vasecharan, Photo-
catalytic, antiproliferative and antimicrobial properties of copper nanoparticles
synthesized using Manilkara zapota leaf extract: A photodynamic approach,
Photodiagnosis and Photodynamic Therapy, 32,102058 (2020). Doi: https://doi.
org/10.1016/j.pdpdt.2020.102058

261


https://doi.org/10.5281/zenodo.4017993
https://doi.org/10.1016/j.matlet.2019.126813
https://doi.org/10.1002/JCTB.4052
https://doi.org/10.1002/JCTB.4052
https://chemical.journalspub.info/index.php?journal=IJGC&page=article&op=view&path%5B%5D=399
https://chemical.journalspub.info/index.php?journal=IJGC&page=article&op=view&path%5B%5D=399
https://doi.org/10.1016/j.heliyon.2020.e04636
https://doi.org/10.9734/arrb/2018/38894
https://doi.org/10.20546/ijcmas.2018.704.077
https://doi.org/10.20546/ijcmas.2018.704.077
https://doi.org/10.1016/j.pdpdt.2020.102058
https://doi.org/10.1016/j.pdpdt.2020.102058

Dario A. Tinjacé et al.

30.

31

32.

33.

34.

35.

36.

37.

262

P. Kachesova, I. Goroshinskaya, V. Borodulin, The effect of copper nanoparticles
on the progression of tumor iz vivo, Journal of Clinical Oncology, 31(15), 3084-
3084 (2013). Doi: https://doi.org/10.1200/jc0.2013.31.15_suppl.3084

D. Bharathi, R. Ranjithkumar, B. Chandarshekar, V. Bhuvaneshwari, Bio-
inspired synthesis of chitosan/copper oxide nanocomposite using rutin and their
anti-proliferative activity in human lung cancer cells, International Journal of Bio-
logical Macromolecules, 141, 476-483 (2019). Doi: https://doi.org/10.1016/j.
ijbiomac.2019.08.235

E. Halevas, A. Pantazaki, Copper nanoparticles as therapeutic anticancer agents,
Nanomedicine and Nanotechnology Journal, 2(1), 119 (2018). URL: https://

www.scientificliterature.org/Nanomedicine/Nanomedicine-18-119.pdf

K.M. Metz, S.E. Sanders, J.P. Pender, M.R. Dix, D.T. Hinds, S.J. Quinn, A.D.
Ward, P. Duffy, R.J. Cullen, P.E. Colavita, Green synthesis of metal nanopar-
ticles via natural extracts: The biogenic nanoparticle corona and its effects on
reactivity, ACS Sustainable Chemistry & Engineering, 3(7), 1610-1617 (2015).
Doi: https://doi.org/10.1021/acssuschemeng.5b00304

H. Du, X. Tan, Z. Li, H. Dong, L. Su, Z. He, Q. Ma, S. Dong, M. Ramachan-
dran, J. Liu, L. Cao, Effects of Schisandra chinensis polysaccharide-conjugated
selenium nanoparticles on intestinal injury in mice, Animals, 13(5), 930 (2023).

Doi: https://doi.org/10.3390/ani13050930

A. Szopa, R. Ekiert, H. Ekiert, Current knowledge of Schisandra chinensis
(Turcz.) Baill. (Chinese magnolia vine) as a medicinal plant species: a review on
the bioactive components, pharmacological properties, analytical and biotech-
nological studies, Phytochemistry Reviews, 16(2), 195-218 (2017). Doi: https://
doi.org/10.1007/S11101-016-9470-4

T. Zhao, G. Mao, M. Zhang, Y. Zou, W. Feng, X. Gu, Y. Zhu, R. Mao, L. Yang,
X. Wu, Enhanced antitumor and reduced toxicity effect of Schisanreae poly-
saccharide in 5-Fu treated Heps-bearing mice, International Journal of Bio-
logical Macromolecules, 63, 114-118 (2014). Doi: https://doi.org/10.1016/j.
ijbiomac.2013.10.037

W. Li, X.N. Qu, Y. Han, SW. Zheng, ]. Wang, Y.P. Wang, Ameliorative effects
of 5-hydroxymethyl-2-furfural (5-HMF) from Schisandra chinensis on alcoholic

liver oxidative injury in mice, International Journal of Molecular Sciences, 16(2),

2446 (2015). Doi: https://doi.org/10.3390/1JMS16022446


https://doi.org/10.1200/jco.2013.31.15_suppl.3084
https://doi.org/10.1016/j.ijbiomac.2019.08.235
https://doi.org/10.1016/j.ijbiomac.2019.08.235
https://www.scientificliterature.org/Nanomedicine/Nanomedicine-18-119.pdf
https://www.scientificliterature.org/Nanomedicine/Nanomedicine-18-119.pdf
https://doi.org/10.1021/acssuschemeng.5b00304
https://doi.org/10.3390/ani13050930
https://doi.org/10.1007/S11101-016-9470-4
https://doi.org/10.1007/S11101-016-9470-4
https://doi.org/10.1016/j.ijbiomac.2013.10.037
https://doi.org/10.1016/j.ijbiomac.2013.10.037
https://doi.org/10.3390/IJMS16022446

Preparation, characterization, and evaluation of copper nanoparticles

38.

39.

40.

41].

42.

43

44,

45.

O. Wang, Q. Cheng, J. Liu, Y. Wang, L. Zhao, F. Zhou, B. Ji, Hepatoprotective
effect of Schisandra chinensis (Turcz.) Baill. lignans and its formula with Rubus
idaeus on chronic alcohol-induced liver injury in mice, Food & Function, S(11),

3018-3025 (2014). Doi: https://doi.org/10.1039/C4FO00550C

L.Zhang, H. Chen, J. Tian, S. Chen, Antioxidant and anti-proliferative activities
of five compounds from Schisandra chinensis truit, Industrial Crops and Products,

50, 690-693 (2013). Doi: https://doi.org/10.1016/j.indcrop.2013.08.044

EJ. Jeong, HK. Lee, KXY. Lee, B.J. Jeon, D.H. Kim, J.-H. Park, J.-H. Song, ]J.
Hubh, J.-H. Lee, S.H. Sung, The effects of lignan-riched extract of Shisandra chi-
nensis on amyloid-B-induced cognitive impairment and neurotoxicity in the cor-
tex and hippocampus of mouse, Journal of Ethnopharmacology, 146(1), 347-354
(2013). Doi: https://doi.org/10.1016/JJEP.2013.01.003

H. Liu, C. Wu, S. Wang, S. Gao, J. Liu, Z. Dong, B. Zhang, M. Liu, X. Sun, P.
Guo, Extracts and lignans of Schisandra chinensis fruit alter lipid and glucose
metabolism i% vivo and in vitro, Journal of Functional Foods, 19(Part A), 296-307
(2015). Doi: https://doi.org/10.1016/J JFF.2015.09.049

M.K. Kim, J.M. Lee, J.S. Do, W.S. Bang, Antioxidant activities and quality
characteristics of omija (Schizandra chinesis Baillon) cookies, Food Science and
Biotechnology, 24(3), 931-937 (2015). Doi: https://doi.org/10.1007/S10068-
015-0120-1

K. Fu, H. Zhou, C. Wang, L. Gong, C. Ma, Y. Zhang, Y. Li, A review: Pharma-
cology and pharmacokinetics of Schisandrin A, Phytotherapy Research, 36(6),
2375-2393 (2022). Doi: https://doi.org/10.1002/PTR.7456

E Sa, BJ. Guo, S. Li, Z.]. Zhang, H.M. Chan, Y. Zheng, S.M.Y. Lee, Pharmaco-
kinetic study and optimal formulation of new anti-parkinson natural compound
schisantherin A, Parkinson’s Disease, 2015, 951361 (2015). Doi: https://doi.
0rg/10.1155/2015/951361

X. Wang, X. Wang, H. Yao, C. Shen, K. Geng, H. Xie, A comprehensive
review on Schisandrin and its pharmacological features, Naunyn-Schmiedeberg’s
Archives of Pharmacology, 397, 783-794 (2024). Doi: https://doi.org/10.1007/
$00210-023-02687-Z

263


https://doi.org/10.1039/C4FO00550C
https://doi.org/10.1016/j.indcrop.2013.08.044
https://doi.org/10.1016/J.JEP.2013.01.003
https://doi.org/10.1016/J.JFF.2015.09.049
https://doi.org/10.1007/S10068-015-0120-1
https://doi.org/10.1007/S10068-015-0120-1
https://doi.org/10.1002/PTR.7456
https://doi.org/10.1155/2015/951361
https://doi.org/10.1155/2015/951361
https://doi.org/10.1007/S00210-023-02687-Z
https://doi.org/10.1007/S00210-023-02687-Z

Dario A. Tinjacé et al.

46.

47.

48.

49.

50.

51.

52.

264

J. Pei, Q. Lv, J. Han, X. Li, S. Jin, Y. Huang, S. Jin, H. Yuan, Schisandra lignans-
loaded enteric nanoparticles: preparation, characterization, and iz vitro—in vivo
evaluation, Journal of Drug Targeting, 21(2), 180-187 (2013). Doi: https://doi.
org/10.3109/1061186X.2012.737000

M. Shno, W. Yang, G. Han, Protective effects on myocardial infarction model:
delivery of schisandrin B using matrix metalloproteinase-sensitive peptide-mod-
ified, PEGylated lipid nanoparticles, International Journal of Nanomedicine, 12,
7121-7130 (2017). doi: hteps://doi.org/10.2147/I]N.S 141549

S.G. Balwe, A.A. Rokade, S.S. Park, Y.T. Jeong, Green synthesis and characteriza-
tion of supported gold nanoparticles (Au@PS) from Schisandra chinensis fruit
extract: An efficient and reusable catalyst for the synthesis of chromeno[2,3-
d]pyrimidin-2-yl)phenol derivatives under solvent-free conditions, Cazalysis
Communications, 128, 105703 (2019). Doi: https://doi.org/10.1016/j.cat-
com.2019.05.010

A. Chen, R. Hu, Self-assembly loading of Schisandra chinensis nanoparticles and
its effect on the malignant biological behavior of ovarian cancer cells, Science
of Advanced Materials, 15(2), 243-255 (2023). Doi: https://doi.org/10.1166/
SAM.2023.4447

L. Subhankari, P.L. Nayak, Synthesis of copper nanoparticles using Syzygium
aromaticum (cloves) aqueous extract by using green chemistry, World Journal of
Nano Science & Technology, 2(1), 14-17 (2013). URL: https://www.idosi.org/
winst/2(1)13/4.pdf

M. Atarod, M. Nasrollahzadeh, S.M. Sajadi, Green synthesis of a Cu/reduced
graphene oxide/Fe304 nanocomposite using Euphorbia wallichii leaf extract
and its application as a recyclable and heterogeneous catalyst for the reduction of
4-nitrophenol and rhodamine B, RSC Advances, 5(111), 91532-91543 (2015).
Doi: https://doi.org/10.1039/CSRA17269A

C.-C. Chyau, Y.-B. Ker, C.-H. Chang, S.-H. Huang, H.-E. Wang, C.-C. Peng,
RY. Peng, Schisandra chinensis peptidoglycan-assisted transmembrane trans-
port of lignans uniquely altered the pharmacokinetic and pharmacodynamic
mechanisms in human HepG2 cell model, PLoS One, 9(1), €85165 (2014). Doi:
https://doi.org/10.1371/journal.pone.0085165


https://doi.org/10.3109/1061186X.2012.737000
https://doi.org/10.3109/1061186X.2012.737000
https://doi.org/10.2147/IJN.S141549
https://doi.org/10.1016/j.catcom.2019.05.010
https://doi.org/10.1016/j.catcom.2019.05.010
https://doi.org/10.1166/SAM.2023.4447
https://doi.org/10.1166/SAM.2023.4447
https://www.idosi.org/wjnst/2(1)13/4.pdf
https://www.idosi.org/wjnst/2(1)13/4.pdf
https://doi.org/10.1039/C5RA17269A
https://doi.org/10.1371/journal.pone.0085165

Preparation, characterization, and evaluation of copper nanoparticles

53.

54.

55.

M.S. Hossain, S. Ahmed, Sustainable synthesis of nano CuO from electronic
waste (E-waste) cable: Evaluation of crystallite size via Scherrer equation, Wil-
liamson-Hall plot, Halder-Wagner model, Monshi-Scherrer model, size-strain
plot, Results in Engineering, 20, 101630 (2023). Doi: https://doi.org/10.1016/j.
rineng.2023.101630

ET.L. Muniz, M.A.R. Miranda, C. Morilla Dos Santos, J.M. Sasaki, The Scherrer
equation and the dynamical theory of X-ray diffraction, Acta Crystallographica
Section A: Foundations and Advances, 72(3), 385-390 (2016). Doi: hteps://doi.
org/10.1107/5205327331600365x

A. Monshi, M.R. Foroughi, M.R. Monshi, Modified Scherrer equation to esti-
mate more accurately nano-crystallite size using XRD, World Journal of Nano Sci-
ence and Engineering, 02(03), 154-160 (2012). Doi: https://doi.org/10.4236/
wjnse.2012.23020

How TO CITE THIS ARTICLE

D.A. Tinjacd, O.A. Almanza, F. Delgado, S.J. Morantes, M.C. Medina, P. Torres, E.
Martinez, Preparation and characterization of copper nanoparticles of Schisandra chi-

nensis and evaluation of its antiproliferative activity, Rev. Colomb. Cienc. Quim. Farm.,
53(1),244-265 (2024). https://doi.org/10.15446/rcciquifav53n1.112982

265


https://doi.org/10.1016/j.rineng.2023.101630
https://doi.org/10.1016/j.rineng.2023.101630
https://doi.org/10.1107/s205327331600365x
https://doi.org/10.1107/s205327331600365x
https://doi.org/10.4236/wjnse.2012.23020
https://doi.org/10.4236/wjnse.2012.23020
https://doi.org/10.15446/rcciquifa.v53n1.112982

Rev. Colomb. Cienc. Quim. Farm., Vol. 53(1), 266-281, 2024 www.farmacia.unal.edn.co

Articulo de investigacion clinica / https://doi.ong/10.15446/rcciquifa.vS3nl. 111424

Aptitud y conocimiento sobre Medicamentos
de Venta Libre en Colombia: un analisis de la
automedicacion responsable

Marcia Andrea Yucuma-Guzmén!, Julidn David Castaneda-Munoz?, Fredy Angarita-
Reina’, Claudia Lorena Garcia Rojas?, Henry Rubiano Daza>

' Grupo de Investigaciéon de Ingenierfas UCC-Neiva, Facultad de Ingenierfa, Sede Neiva,
Universidad Cooperativa de Colombia, Neiva 410001, Colombia

% Subdirecciéon de investigacién, trabajo social, Grupo de Investigacidn en Procesos Sociales,
Subjetividad y cognicidn, Corporacién Universitaria Minuto de Dios-UNIMINUTO, Neiva
410001, Colombia.

3 Universidad Cooperativa de Colombia, Sede Bucaramanga, Facultad de Ingenieria, Ingenieria de
Sistemas, Grupo de Investigacion en Tecnologias de la Informacién GITI, Carrera 33 No 33 a-05,
Bucaramanga, Santander, Colombia

# Programa de Odontologia, Universidad Antonio Narifio, Sede Neiva, Calle 19 # 42-98, Neiva,
Colombia

> Grupo de Investigacién en Dindmicas Sociales, Universidad Cooperativa de Colombia, Sede
Neiva, Neiva 410001, Colombia. *Correo electrénico: Henry.Rubiano@campusucc.edu.co

Recibido: 4 de octubre de 2023
Revisado: 2 de febrero de 2024
Aceptado: 12 de febrero de 2024

RESUMEN

Introduccién: La automedicacion es una préctica avida de la poblacién colombiana
que presenta prevalencias hasta del 86,8%. Si bien la Organizacién Mundial de la
Salud apuesta por el uso racional del medicamento y en este contexto a la autogestion
responsable de la salud del individuo (automedicacién responsable), la poca o
nula capacitacién sobre el consumo de medicamentos de venta libre de manera
responsable, sumado a la publicidad poco realista de las farmacéuticas, conduce
a practicas peligrosas de automedicacién. Objetivo: Por ende, el objetivo de esta
investigacion es evaluar la aptitud y el conocimiento de la poblacién colombiana
frente al consumo de medicamentos de venta libre. Metodologia: Para el desarrollo
del estudio se aplicd una encuesta de prevalencia en linea, utilizando las redes
sociales de Facebook, X y WhatsApp, mediante el método de bola nieve. De igual

forma, se utilizé un andlisis descriptivo para determinar la frecuencia y el porcentaje,
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y se hizo uso de la prueba de Chi-Cuadrado para identificar cualquier asociacién.
Resultados: De acuerdo con los resultados, el 36% de la poblacién presenta una
buena aptitud sobre el uso medicamentos de venta libre y al evaluar el conocimiento
respecto a los medicamentos de venta libre un 47% de la poblacién colombiana tiene
buen conocimiento. Conclusién: El estudio evidencia que la poblacién colombiana
tiende a presentar habitos relacionados con una préctica de automedicaciéon no

responsable.

Palabras clave: Medicamentos de venta libre, automedicacién responsable, aptitud,

Farmacovigilancia, salud publica.

SUMMARY

Aptitude and knowledge about OTC medicines in Colombia: an
analysis of responsible self-medication

Introduction: Self-medication is an avid practice of the Colombian population
with prevalence rates of up to 86.8%. Although the World Health Organization
is committed to the rational use of medicines and in this context to responsible
self-management of the individual’s health, little or no training on the responsible
consumption of over-the-counter medicines, added to advertising unrealistic of
pharmaceutical companies, leads to dangerous self-medication practices. Purpose:
The objective of this research is to evaluate the attitude and knowledge of the
Colombian population towards the consumption of over-the-counter medications.
Methodology: To develop the study, an online prevalence survey was applied,
using the social networks Facebook, X and WhatsApp, using the snowball method.
Likewise, a descriptive analysis was used to determine the frequency and percentage,
and the chi square test was used to identify any association. Results: According
to the results, 36% of the population has a good attitude towards the use of over-
the-counter medications; moreover, when evaluating knowledge regarding over-
the-counter medications, 47% of the Colombian population has good knowledge.
Conclusion: The study shows that the Colombian population tends to present

habits related to a non-responsible self-medication practice.

Keywords: Over-the-counter medications, responsible self-medication, attitude,

Pharmacovigilance, public health.
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REsuMmoO

Aptidio e conhecimento sobre medicamentos isentos de
prescri¢io na Colémbia: uma analise da automedicagao
responsavel

Introdugio: A automedicagio ¢ uma pratica 4vida da populacio colombiana que
apresenta prevaléncias de até 86,8%. Embora a Organiza¢io Mundial da Satde esteja
comprometida com o uso racional de medicamentos ¢, neste contexto, com a auto-
gestdo responsdvel da satde do individuo (automedicagio responsével), pouca ou
nenhuma formacio sobre o consumo responsavel de medicamentos de venda livre,
acrescentou 3 publicidade irrealista das empresas farmacéuticas, conduz a préticas
perigosas de automedicagao. Objetivo: Portanto, o objetivo desta pesquisa ¢ avaliar
a aptiddo e o conhecimento da populagio colombiana em relagio ao consumo de
medicamentos isentos de prescricio. Metodologia: Para desenvolver o estudo foi
aplicada uma pesquisa de prevaléncia online, utilizando as redes sociais Facebook,
X e WhatsApp, utilizando o método bola de neve. Da mesma forma, foi utilizada
andlise descritiva para determinar a frequéncia e percentual, ¢ o teste Qui- Qtladrado
foi utilizado para identificar qualquer associa¢io. Resultados: De acordo com os
resultados, 36% da populagio tem boa aptidio para o uso de medicamentos de
venda livre e ao avaliar o conhecimento sobre medicamentos de venda livre, 47% da
populagio colombiana tem bom conhecimento. Conclusio: O estudo mostra que a
popula¢io colombiana tende a apresentar hébitos relacionados a prética de autome-

dicagdo nio responsével.

Palavras-chave: Medicamentos de venda livre, automedicago responsavel, condicio-

namento fisico, Farmacovigilancia, satde publica.

INTRODUCCION

La automedicacién es definida como el consumo de medicamentos, drogas o remedios
caseros, por decision propia, consejo de un tercero o en el caso de nifios y nifas por
decision de sus padres sin prescripcion médica [1]. Hay dos vertientes en relacién con
la préctica de automedicacion si el individuo tiene voluntad y capacidad para participar
de manera inteligente y auténoma (informados) en las decisiones y en la gestion de las
actividades preventivas, diagndsticas y terapéuticas que les corresponden en relacién
con sus dolencias, se infiere una automedicacién responsable [2, 3], de otro lado, la
automedicacién no responsable puede acarrear problemas como efectos adversos por
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dosis inadecuadas o interacciones medicamentosas, por lo cual es considerada una

préctica peligrosa y un problema de salud publica [4-6].

Uno de los problemas més apremiantes como consecuencia de la automedicacion es el
desarrollo de resistencia bacteriana, debido al consumo no responsable de antibidticos
[7, 8]. De acuerdo con la legislacién colombiana, los antibiéticos se deben vender bajo
prescripciéon médica, no obstante, la laxitud de los establecimientos farmacéuticos frente
alaventa de antibi6ticos conduce a la practica de automedicacién no responsable [9].

Los estudios de automedicacion en Colombia muestran porcentajes de prevalencia
preocupantes, Lopez-Cabra ez al., reportan el 79,3% en automedicacién en estudiantes
de medicina [10], Rubio ez 4/, por su parte revelan un 89,7% de prevalencia en
habitantes de Cartagena, Colombia [11], Tobén-Marulanda da a conocer un indicador
de prevalencia del 97% en estudiantes universitarios [5], al igual que Tob6n-Marulanda
[5], Ortiz et al. [6], reportan la prevalencia en ambientes universitarios del 86%,
Castro-Espinosa ¢# al. anuncian un porcentaje de prevalencia hasta del 76% en
antibidticos en comunidades de Cali, Colombia [12], otro estudio realizado por
Villegas Cardona ef al. informa un porcentaje de prevalencia del 61,58% en habitantes
de la ciudad de Pereira, Colombia [13], estos estudios ademds de demostrar que
la automedicacién es una prictica habitual en la poblaciéon Colombiana, cuyos
porcentajes de prevalencia son muy similares a los reportados en otros paises [14-
17], también manifiestan la importancia de desarrollar estudios que incluyan una
poblacién més representativa, ademds que permitan identificar los posibles factores
que involucren automedicacién responsable. En este contexto, en Colombia es claro
que los estudios de automedicacién son sectorizados, centrindose en universidades
y ciudades capitales. Uno de los estudios a nivel pais fue el desarrollado por Nifo-
Orrego ez al. [9], quienes relacionaron los temas de automedicacidn, profesionales no
médicos y COVID-19, demostrando la influencia del personal de los establecimientos
farmacéuticos en la conducta de la automedicacién. En este contexto, el presente
estudio pretende evaluar la aptitud y el conocimiento de la poblacién colombiana
respecto a medicamentos de venta libre, debido a que se encuentran directamente
relacionados con la automedicacion responsable. Ademds, teniendo presente que la
automedicacion responsable propende reducir costos para el manejo de la salud, bajo
la premisa que el individuo tiene la capacidad de autodiagnosticar correctamente su
dolencia y reconocer algunos aspectos esenciales del medicamento como posologia,
efectos adversos e interacciones medicamentosas, es necesario evaluar la disposicion
de poblacién colombiana con relacién al uso de medicamentos de venta libre y su
conocimiento sobre este tipo de productos, esto permitiria evidenciar los posibles riegos
o fortalezas de la practica de automedicacién responsable en la poblacién colombiana.
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Algunos de los resultados més relevantes de la investigacion muestran que la poblacién
colombiana comprende los riesgos que implica automedicarse, ademds de tener una
buena aptitud y un conocimiento sobresaliente en relaciéon con medicamentos de venta
libre; sin embrago también se reportan datos preocupantes como la injerencia de los
empleados de establecimientos farmacéuticos en la decision del paciente.

METODOLOGIA

Se realizé un estudio observacional de corte transversal-analitico, para evaluar la
aptitud y el conocimiento de la poblacion respecto a medicamentos de venta libre y
establecer una relacién con las variables sociodemogréficas. Se utilizé un instrumento
compuesto por 24 preguntas adaptado a partir del reportado por Nemat e al. [18],
dividido en tres secciones; una primera seccién de 7 items incluye preguntas que buscan
caracterizar de manera sociodemografica la poblacion encuestada; la segunda seccién
con 9 items evalta la aptitud de los encuestados sobre medicamentos de venta libre y la
tercera seccién de 8 items evalta el conocimiento sobre medicamentos de venta libre.
La poblacién de estudio fue grupos de estudiantes universitarios y colegas de cada uno
de los departamentos de Colombia; se utilizd un muestreo no probabilistico por bola
de nieve. El tamafo de la muestra se calculd segun la ecuacién 1 [9], asumiendo una
heterogeneidad del 50%, un intervalo de confianza del 95% y una precision del 5%,
extrapolado a una poblacién de 41.215.503 [19]. Asi, el tamano minimo de muestra
requerido es de 385 personas:

NZ2g?
™ = (N-1)e2+ 2242 (EC 1)

Donde N es la poblacién (41.215.503), Z es el valor obtenido de la distribucién nor-
mal para un nivel de confianza del 95% (1,96), o es la desviacién estandar de la pobla-
cién (0,5) y e es el limite aceptable del error de muestreo (0,05).

Los participantes incluidos fueron mayores de 14 afos, nacionalidad colombiana, saber
leer, tener conocimientos basicos de informdtica. Los criterios de exclusion fueron per-
sonas de menores de 14 anos, analfabetas, y sin conocimientos basicos en informatica.

Se recolectaron 558 datos mediante un formulario desarrollado en Microsoft Forms
y publicado en las redes sociales Facebook y X, ademas se envié el enlace del formu-
lario a amigos, familiares, agenda de contactos y grupos de WhatsApp. El formulario,
fue validado mediante un piloto de 30 encuestas. El analisis de los datos se realizé en
SPSS V.25. La variable edad se recategorizé de acuerdo con la clasificacién en funcién
de las etapas de desarrollo establecidas por el Ministerio de Salud y Proteccién Social
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[20], en jévenes (14-26 anos), adultos (27-59 afios) y adulto mayor (59 y mds). Asi-
mismo, segun las respuestas de los participantes se obtuvo una puntuacion para clasifi-
car la variable de aptitud (buena y mala) mediante la primera seccidn y el conocimiento
(bueno y escaso) en la segunda seccidon asumiendo en ambos casos puntajes de aciertos
mayores al 60% para buena aptitud y buen conocimiento. Se utilizé proporciones para
el andlisis descriptivo y la razén de prevalencia, intervalo de confianza del 95% y valor
de p (p <0,05) para evaluar la relacién entre la aptitud y el conocimiento sobre los
medicamentos de venta libre y las variables sociodemogréficas.

RESULTADOS Y ANALISIS

De los 558 participantes, 60% corresponde a sexo femenino; el 53% son jévenes (14-
26 anos); el 45% adultos (27-59 anos) y el 2% adultos mayores (59 y mds). Dado que
un poco mds de la mitad de la poblacion es jovenes, la mayoria de los encuestados son
soltero (66%) y el 34% indicé estar casado o convivir en unién libre. En cuanto su
oficio, el 19% indica laborar en oficios relacionadas con el drea de la salud y el 53%
son estudiantes universitarios. En relacién con el nivel socioecondmico el 4% indica
pertenecer a un nivel socioeconémico alto (estrato 5y 6), 72% medio (estrato 3y 4) y
el 24% nivel bajo (estratos 1y 2). Finalmente, el 47% indica estar afiliado al régimen
subsidiado, 45% al régimen contributivo, y un 8% de los encuestados indican no estar
afiliado a un sistema de salud.

En la Tabla 1, se reportan los resultados sobre la aptitud que tienen los participantes
en el estudio respecto a los medicamentos de venta libre. Se evidencia que el 60,6%
de los encuestados han utilizado los medicamentos de venta libre y los ven como una
alternativa frente a costos relacionados con citas médicas, también son conscientes
(67,4%) que se cuenta con mayor disponibilidad en relacién con otros medicamentos.
Por otro lado, el 58.2% de las personas conoce la ventaja de Medicamentos de Venta
Libre (MVL) en el tratamiento de dolencias menores; una de las alertas frente al uso
de MVL es la influencia del empleado (52%) del establecimiento farmacéutico en la
decision del comprador. Un factor importante a tener presente es la sensacion de segu-
ridad frente al consumo de MVL, por lo que la falta de tiempo puede generar posibles
précticas inseguras. Tres resultados relevantes de los encuestados son: 1) La publicidad
no es un factor decisivo a la hora de consumir MVL, lo que puede ser un indicativo de
racionalidad, sin embargo, frente alo reportado en la literatura, en donde se demuestra
la gran influencia de la publicidad en la decisién que toman las personas, el resultado
puede ser consecuencia, debido a que posiblemente las personas no sean conscientes de
la influencia de la publicidad en su conducta, a la hora de adquirir un medicamento,
asumiendo que los hacen de forma libre y consciente [3, 21, 22], 2) La poblacién es
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consciente que los medicamentos no deben ser compartidos con otras personas, lo cual
es una buena préctica de automedicacién responsable y 3) Todo medicamento debe ser
almacenado de forma segura, indistintamente de que sea de venta libre o no.

Tabla 1. Aptitud de la poblacidn colombiana hacia los medicamentos de venta libre.

Frecuencia (%)
Si No

ftems (n=558)

Utilizo Medicamentos de Venta Libre (MVL) debido al alto

costo de las visitas a los médicos.

338 (60,6) 220 (39.4)

Los medicamentos de Venta Libre (MVL) son mds baratos y 376 (67.4) 182 (32,6)

estan disponibles.

Es apropiado tratar dolencias menores con Medicamentos de
Venta Libre (MVL)

Con la consulta del farmacéutico (regente, empleado de la

325 (58,2) 233 (41,8)

290 (52,0) 268 (48,0)

farmacia-droguerfa), me siento tranquilo

Consur.no Mcdlcament{os. de Venta Libre debido a que son 386 (69.2) 172 (30,8)
convenientes de usar (f4cil).

Utilizo Medicamentos de Venta Libre para ahorrar tiempo 362 (64,9) 196 (35,1)
La principal causa del uso de Medicamentos de Venta Libre es

la publicidad.

Est4 bien compartir Medicamentos de Venta Libre con otras

177 (31,7) 381 (68.3)

144 (25,8) 414 (74,2)

personas.

Los Medicamentos de Venta Libre resisten mejor las
condiciones de almacenamiento, como la temperatura, la 212 (38,0) 346 (62,0)
humedad y la luz solar directa.

Al evaluar la relacion entre los diferentes factores sociodemogréficos en la Tabla 2, en
general, las respuestas muestran ser muy homogéneas, siendo la edad la tnica variable
sociodemografica, en donde se presenta una diferencia estadisticamente significativa de
tal forma que la etapa del desarrollo, sugiere que los jovenes tienden a tener aptitudes
menos seguras frente al consumo de MVL.

Las otras variables, presentan resultados con diferencias estadisticamente no significa-
tivas, el factor educacion es donde se presentan las mayores diferencias, sin embargo,
indistintamente de la formacién académica, los consumidores presentan una aptitud
negativa frente a los MVL. Uno de los resultados mds interesantes, es que tanto, las
personas de menores recursos econdmicos y aquellos que no cuentan con ningun tipo
de seguridad social, también presentan una aptitud negativa hacia los MVL, teniendo
presente que este tipo de medicamentos podrian ser una de las mejores opciones a la
hora tratar una dolencia menor, este resultado concuerda con la investigacion presen-
tada por Ansari [23].
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Tabla 2. Comparacién entre participantes con buena o mala aptitud sobre Medicamentos de Venta

Libre.
. Aptitud (%) .
frems — P Mol RP; (IC 95%) p
Sexo
Femenino 111 (19,8) 225 (40,5) 0,824; (0,660 — 0.088
Masculino 89 (15,9) 133 (23,8) 1,028) ’
Edad

Adulto 106 (18,9) 158 (28,5) 1256, (1005— .
Joven 94 (16,8) 200 (35,8) 1,569) ’
Estado civil
Eg:jd"/ Unién 72 (12,9) 118 (21,2) 1089 (0866~
Soltero 128 (22,9) 240 (43,0) 1.371)

Ocupacidn (personal de salud)
Si 32(5,7) 74 (13,3) 0,812; (0,593 - 0.177
No 168 (30,2) 284 (50,8) L111) ’
Régimen de salud X
Contributivo 90 (16,1) 162 (29,1)
;liililjsdo 90 (16,1) 171 (30,6) 1,660 0.4361
Propios 20 (3,6) 25 (4.5)

Nivel socioeconédmico
Alto 11 (19) 12 (2,1)
Medio 138 (24.7) 264 (47,6) 2,200 0,333
Bajo 51(9,1) 82 (14,6)
Nivel educativo

Doctorado 2(0,35) 6(1,1)
Maestria o
especialidad 21(3,7) 36 (6,5)
médica
Especialista 17 (3,0) 38 (6,8)
Profesional 29(5.3) 43 (7,7) 5,101 0,648
universitario
Técnico -
tecndlogo 16(28) 22(39)
Estudiance 103 (18,4) 190 (34,0)
universitario
Secundaria 12 (2,1) 23 (4,3)

*RP; (IC 95%): Razén de prevalencia; (Intervalo de confianza 95%).

+ X2: Chi%
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Al evaluar el conocimiento sobre MVL (Tablas 3 y 4), se considera tener un buen cono-
cimiento a un puntaje de 5/8 (>60%), en donde las respuestas “Si” a las preguntas 1, 2,
5 suma un punto, al igual que las respuestas “No” a las preguntas 3, 4, 6,7 y 8. Asi, los
resultados muestran que la mayorfa de la poblacién encuestada carece de un conoci-
miento adecuado sobre MVL.

Teniendo en cuenta las recomendaciones para el desarrollo de una automedicacion res-
ponsable, el 59,9% de la poblacién indica que usa Medicamentos de Venta Libre debido
a que conoce el tratamiento de su malestar [24], ademds el 70,6% promueve una de las
mejores précticas relacionadas con la automedicacion responsable, la cual consiste en leer
el prospecto del medicamento, lo que en teoria garantiza el buen uso del medicamento
[25]. Un dato curioso, es que la poblacién no relaciona el concepto de “venta libre” con
el uso de medicamentos sin necesidad de prescripcién médica puesto que més del 83,5%
de la poblacién encuestada indica que es necesario una receta médica para adquirir MVL,
este resultado también puede ser un indicador, que, pese a suponer que todos los medi-
camentos necesitan prescripcion médica la poblacién asume riesgos frente al tratamiento
de sus dolencias, posiblemente debido a la falta de tiempo para asistir a citas médicas
(64,9%) o relacionados con los costos de la asistencia médica (60,6%), este factor ha sido
reportado por algunos estudios de automedicacién [26, 27]. Otro factor importante a
tener en cuenta es que mas del 50% de la poblaciéon asume que el uso de plantas medi-
cinales o productos a base de plantas medicinales es 100% seguro, lo que concuerda con
los resultados obtenidos por Ortiz et al, lo cual es un factor de riego importante, debido
a que el consumo de plantas medicinales puede generar interacciones medicamentosas
con medicamentos de uso tradicional [28], ademds de la posibilidad de generar efectos
adversos que pueden ser leves o muy graves [29, 30].

Uno de los resultados de mayor relevancia, en pro de la automedicacién responsable es
que 82,4% de la poblacién encuestada reconoce el riesgo de los efectos adversos, por
lo que son conscientes que una vez aparezcan como consecuencia de la administraciéon
de medicamentos esta debe suspenderse (93,4%), este concepto es respaldado por las
respuestas negativas de tomar una dosis baja hasta que desaparezcan los efectos secun-
darios (74,0%) y que no se debe continuar tomando el medicamento independiente-
mente de los efectos secundarios (88,2%).

Finalmente, otro comportamiento seguro frente a la préctica de la automedicacion res-
ponsable es reconocer la importancia de no compartir o recomendar medicamentos
de uso personal, demostrando que la poblacién encuestada (74,2%) es consciente del
riesgo que implica el consumo de medicamentos no prescritos o en su efecto sin un
analisis pertinente.
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Tabla 3. Conocimiento de la poblacién colombiana sobre Medicamentos de Venta Libre.

P Frecuencia (%)

I =558

tems (n=558) Si No
Uso Medicamentos de Venta Libre porque sé cémo tratarme. 224 (40,1) 334 (59,9)
Leo el prospecto del medicamento antes de usar cualquier
medlcaménto. (Prospecto: Pap.el 1m'preso qu?’acompana 394 (70,6) 164 (29.4)
alos medicamentos y que contiene informacién sobre su
composicién, caracteristicas y modo de empleo.)
El Medicamento de Venta Libre necesita prescripcién médica. 466 (83,5) 92 (16,5)
El uso de cualquier producto a base de plantas medicinales es 284 (50,9) 274 (49,1)
seguro.
El uso dc-Medlcamcntos de Venta Libre puede causar efectos 460 (82,4) 98 (17,6)
secundarios graves.
Si se.sospechal? efect<.)s secundarios, se debe dejar de usar el 521 (93.4) 37 (6,6)
medicamento inmediatamente.
Si se sospechan efectos secundarios, se debe tomar una dosis 145 (26,0) 413 (74,0)
baja hasta que desaparezcan.
Si se sospechan efectos secundarios, se debe continuar
tomando el medicamento independientemente de los efectos 66(11,8) 492 (88,2)
secundarios.

Al evaluar, la relacién entre los factores sociodemograficos y las respuestas de la pobla-

cién encuestada se evidencia que las mujeres tienen ademds de una mejor aptitud,

mejores conocimientos sobre los MVL, posiblemente se deba a que las mujeres pre-

sentan comportamientos mas responsables en cuanto a consumo de medicamentos

[31], sumado a que usualmente la madre es la responsable de la administracién “por

poderes” de medicamentos a ninos, lo que podria conducir a un proceso mas racional

de automedicacién bajo la premisa que la mujer propende a estar mds informada [2].

Finalmente, los resultados demuestran, que la poblacién de jévenes encuestados suele

tener conocimientos mds escasos respecto a los MVL.

Tabla 4. Comparacién entre participantes con buen o mal conocimiento sobre medicamentos de

venta libre.

. Conocimiento (%)
Items RP; (IC 95%)* P
Bueno Escaso
Sexo
Femenino 203 (36,3) 133 (23,8) 0,806; (0,668 - 0.026
Masculino 109 (19,6) 113 (20,3) 0,973) '
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Conocimiento (%)

Items RP; (IC 95%)* P
Bueno Escaso
Edad
Adulto 126 (22,6) 138 (24,7) 1,21; (1,001 - 0.049
Jévenes 116 (20,8) 178 (31,9) 1,462) '
Estado civil
Casado/Union g5 (152) 105 (18.8) 1,049; (0,860 - .
Soltero 157 (28,2) 211 (37,8) 1278)
Ocupacién (personal de salud)

Si 46 (8,2) 60 (10,8) 1,001; (0,786 - 0995
No 196 (35,1) 256 (45,9) 1,274) '
Régimen de salud X2 p
Contributivo 102 (18,3) 150 (26,9)
Subsidiado 119 (21,3) 142 (25,4) 1,584 0,453
Recursos
Propios 21 (3.8) 24 (4,3)

Nivel socioeconémico
Alto 10 (1,8) 13 (2,3)
Medio 172 (30.8) 230 (41,3) 0,220 0,896
Bajo 60 (10,8) 73 (13,0)

Nivel educativo

Doctorado 4(0,72) 4(0,72)
Maestria o
especialidad 26 (4,7) 31(5,5)
médica
Especialista 30 (5,3) 25 (4,4)
Profestonal - 38(6) 34 (60) 9,363 0196
ff;;fjg; 16 (2,8) 22 (3.9)
e s e
Secundaria 11(1,9) 24 (4,3)

*RP; (IC 95%): Razén de prevalencia; (Intervalo de confianza 95%).

+ X% Chi?
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CONCLUSIONES

La automedicacién responsable es una prictica valorada, en cuanto a que ademads
de contribuir con el manejo responsable de dolencias menores, podria ser un factor
importante que permitiria descongestionar los servicios de atenciéon médica, ofrecer
mayor numero de alternativas responsables para el tratamiento de afecciones menores
y en relacién con el costo de medicamentos, algunos expertos sugieren que reducirfan.
Los resultados del estudio muestran que la poblacién encuestada, en general, no pre-
senta una buena disposicion al consumo de Medicamentos de Venta Libre y tiene un
conocimiento escaso de los mismos, lo que podria generar comportamientos de medi-
cacién poco seguros debido a una automedicacion no responsable, ademds creencias
como suponer que todas las plantas medicinales son seguras o que la aparicién de un
efecto adverso leve no es suficiente motivo para detener el tratamiento con un MVL,
acarreando problemas graves de salud en los individuos, con implicaciones en la salud
publica. Sumado a lo anterior, la influencia del empleado del establecimiento farma-
céutico en la toma de decisiones del paciente, puede llevar a ocurrencia de RAM o
interacciones medicamentosas peligrosas, debido a que el empleado no cuenta ni con
la formaci6n profesional ni con la autoridad legal que le permita intervenir en el trata-
miento del individuo. Finalmente, es importante reconocer, que a partir de los resulta-
dos se evidencia la importancia de fomentar capacitaciones, campafas y/o programas
que conduzcan al uso adecuado y seguro de MVL.
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